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From Barcode and Passive RFID to  
RTLS - History
Healthcare organizations contain multiple functional areas 
such as Bio-Medical Engineering, Nursing Units, ED 
(Emergency Department), ORs (Operating Rooms), Pharmacy, 
Central Operations, IT and Procurement/Supply Chain.  
These areas can employ an assortment of track-and-trace 
technologies that include barcode and Radio Frequency 
Identification Devices (RFID).  These technologies enable 
healthcare organizations to achieve operational improvements 
through tracking items, assets and people.   Innovation has 
helped tracking technologies evolve and increase return on 
investment.  Industries outside healthcare such as 
transportation/logistics (DHL), retail (Wal-Mart), consumer 
package goods (Kimberly Clark) and the federal government 
(Department of Defense) have helped standardize tracking, 
thus making it widely available and further decreasing cost for 
tracking technology.  

In healthcare, the oldest, most technologically mature and least 
expensive tracking method relies on barcodes and scanners, 
usually employed for patient identification, drug inventory 
management and tracking blood and laboratory samples.  With 
the introduction of 2-D barcode technology, barcode 
technology improved from a 1-D ‘lot’ level identification 
standard to a serialized item level.  Although barcode tracking 
technologies are inexpensive and can be implemented fairly 
easily—requiring only software, scanners and a printer—they 
do have limitations. These include: 

Poor read accuracy due to printed tags

Limited range of scanners  due to close proximity requirement 
between scanner and barcode

Line-of-sight scanning requirement

Time required to individually scan a large numbers of items  

Passive RFID technology emerged with improvements over 
barcode track-and-trace processes. It improved read rate 
accuracy through the elimination of printing, and reduced 
close proximity and line-of-sight requirements. This enabled 
large unit quantities of scans to occur concurrently, and 
resulted in time savings.  

Passive RFID technology is based on a coiled antenna, that 
when hit with RF waves, emits a signal from the tag memory 
that can be read by a sensor.  Tags can be small in size and do 
not require batteries.  Healthcare organizations have evaluated 
and deployed passive RFID technologies for security/access 
controls, for identifying patients and for managing and 
tracking assets and supplies. 

Passive RFID enables location identification, time recording 
and item logging of sensor-tagged assets and people. As sensors 
pass by passive RFID readers or ‘chokepoints’, the readers send 
a signal to the tag.  This ‘excites’ the tag, which then emits a 
signal identifying itself back to the reader.  This identification 
can include information that identifies items and/or people and 
also recognize their assigned ‘classes’ and access ’permissions’ 
for specific locations.  It also can generate alarms when 
discrepancies arise.  This logging helps track location and 
times tagged items, or people, pass chokepoint locations and it 
also helps gain visibility to inventory levels.  Passive RFID, 
which can be housed in a cabinet, has also been used in 
healthcare settings to track usage, storage, and inventory of 
surgical implants and other high-value or time-sensitive/
expiration-managed devices.  These items include orthopedic 
implants, cardiac items and surgical kits.  Passive RFID chips 
also have been embedded in at-risk individuals, to assist first 
responders with identification and access to their medical 
records.  This can be life saving for patients with diminished 
cognizant capabilities such Alzheimer’s disease and other forms 
of dementia.   

The IBM Healthcare Real Time Location Services (RTLS) Solution provides the ability for healthcare 
facilities to track assets, patients and staff with reliable room and sub-room level location accuracy.  Our 
solution enables fact-based decisions that improve patient safety and care, expand enterprise visibility to 
clinical resources, enhance workflow, increase efficiencies and reduce costs. 
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The healthcare industry, and other industries needing to track 
assets or personnel, have been investing in RTLS solutions 
with Active Tag technology.  RTLS vendors have provided 
location solutions for healthcare, utilizing various technologies 
including: RF (Radio Frequency)’ ultra wide band (UWB); 
infrared; Zigbee, and ultrasound.  The differences between RF 
and ultrasound technologies for healthcare implementations 
will be addressed later.

RF was initially an attractive choice for healthcare 
environments because many hospitals already had 802.11 WiFi 
systems available, or were ready to deploy or upgrade their 
systems.  RFID RTLS vendors developed software that can 
‘read’ tag signals through access points and, using triangulation 
or other algorithms, calculate a location, and map it to a 2-D 
spatial map.  However, several issues with location accuracy 
prevented this technology from being widely deployed in 
healthcare: 

Location accuracy could not always be guaranteed because of 
inconsistent WiFi coverage and location latency due to 
network load.  This resulted in ‘bouncing’ location 
information or in locations being calculated for ‘impossible’ 
areas (e.g., outside a building, or floating in an atrium area ).

Physical structures containing metals or liquids, including 
walls with rebar, metal filing cabinets and people (55 – 65% 
water) cause distorted WiFi coverage and result in inaccurate 
location information.   

Facility remodeling requiring costly RF site surveys, often 
revealing the need for additional access points, or relocation 
and tuning of existing access points, to optimize location 
information.     

Large numbers of tags located in one area could overload a 
particular access point (e.g., tagged bio-med equipment 
waiting for service.)  

Various other RF technologies within hospitals, such as 
Vocera for voice solutions, competing with RF for bandwidth, 
further induce latency.

The cost of a passive RFID solutions tag can start at 9 cents 
per tag, depending on the number purchased and the 
environment requirements.  Passive readers, which can be fixed 
or handheld, can be expensive and technically challenging to 
install, configure and deploy.  They must generate enough 
power to ‘excite’ passive tags and must be positioned to 
generate an accurate ‘excite’ and a reading.  Passive RFID 
solution setup services include reader setup, installation, 
configuration and testing, and range from $2,500 - $10,000 per 
reader.  Occasionally, a radio frequency (RF) site survey must 
be performed to assure read accuracy in challenging RF 
environments, such as those in which metals or liquids are 
present.  Limitations of passive RFID technologies in 
healthcare environments include:

Poor reads due to metallic and liquids interference (e.g., water 
content in human bodies)

Possible RF interference with other hospital/medical devices

Reader-to-tag proximity limits depending on RF frequency

Read rate limits due to tag size, tag placement, antenna size, 
and antenna direction/orientation relative to reader

Lack of real-time visibility to tagged items or people locations 

Lack of context, lack of directional understanding of the read 
(entry vs. exit) RTLS Versus Barcode and passive RFID

RTLS Versus Barcode and passive RFID
Active Real Time Location Services (RTLS) technologies 
continuously signal information from tags, enabling better 
tracking accuracy and better time keeping than either the 
passive RFID or barcode track-and-trace processes.  The 
information RTLS systems gather can be location-focused, or 
can be integrated to include other sensor data such as 
temperature, barcode and passive RFID reads.  RTLS solutions 
require location software with mapping, to determine the x, y 
and possibly z locations of the RTLS tags.  Because active 
RTLS tags require batteries to transmit information to the 
receiver, active RTLS tags are larger.  Active RTLS readers are 
typically less expensive than passive RFID tags, and have a 
smaller form factor.  They usually only receive signals rather 
than having to constantly transmit signals to excite tags.  
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To improve location WiFi RTLS solutions accuracy, various 
vendors introduced additional infrastructure hardware such as 
’exciters’ or ‘beacons’.  This enabled better signal accuracy but 
increased system cost and deployment complexity.   

Beyond the issues listed above, an additional concern arose that 
reduce momentum for using WiFi technologies for RTLS 
solutions.  In 2008, The Journal of the American Medical 
Association (JAMA) published an article highlighting potential 
interference between hospital equipment and RFID-based 
solutions.  This increased concern for healthcare organizations 
considering RFID deployment in hospitals.

The IBM RTLS Solution
Healthcare organizations must improve operational metrics, 
improve patient safety and comply with regulatory 
requirements.   IBM believes reliable location information can 
help you make these improvements.

IBM has worked with various RTLS technology solutions 
vendors in many different industries.  Each technology has its 
own environmental and use case considerations.  For 
healthcare, IBM partnered with Sonitor Technologies to 
develop a comprehensive hospital asset, patient, and staff-
tracking RTLS solution.  Sonitor utilizes ultrasound tags and 
readers that provide accurate room-level and sub-room-level 
real-time location.  We integrated Sonitor’s sensor technology 
with the IBM RTLS solution, which contains our middleware 
infrastructure and our location awareness server.  The Sonitor 
ultrasound-based sensor technology, paired with the IBM 
RTLS solution, helps healthcare organizations meet strategic 
tracking requirements for business and clinical optimization. 

In hospital environments, Sonitor’s ultrasound solution does 
not interfere with other WiFi or radio frequencies (RF).  It can 
be deployed easily and cost-effectively, and does not require 
expensive RF site surveys.  Ultrasound tags attached to 
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equipment, patients and staff broadcast a unique, non–human-
audible, interference-free identification signal that is ‘heard’ by 
the ultrasound sensor receiver.  The receiver recognizes the 
unique tag ID, and transmits a small amount of data 
(approximately 40 bytes) via the hospital’s existing local area 
network (LAN)—either via wired POE (Power Over Ethernet) 
or via the hospital’s WiFi network—to the IBM middleware 
and the location awareness server (LAS).  This data is 
processed, and the location information of the tagged hospital 
asset, patient or staff member can be displayed on a 2-D spatial 
map, a list or in a report.

Why Ultrasound Technology for RTLS ?
Sonitor’s ultrasound technology is the only RTLS technology 
that provides proven, 100% room-level or sub-room level 
location accuracy without the risk of electromagnetic signal 
interference.

Sonitor’s reliable location accuracy drives additional hospital 
ROI opportunities in workflow, patient safety and process 
improvements, when it is set up as an integrated solution with 
the appropriate application software. Reliable, room-level 
accuracy is essential for efficient real-time resource and patient 
tracking.  (See Figure 1.)  More importantly, this enables 
compelling and unique workflow and throughput information, 
not available with other RTLS technologies.

Location Precision vs. Location Accuracy
The IBM/Sonitor RTLS solution provides location accuracy 
that is critical to healthcare organizations. While some 
solutions boast about ‘location precision’, there is an important 
difference between location precision and location accuracy.  
‘Precision,’ in this context, indicates the ability to guarantee a 
tag is within a certain radius of a sensor; however, it is not 
room-location-specific.  ‘Location Accuracy’ guarantees the tag 

is within a certain area (room location accuracy) or within a 
defined zone inside a room (See Figure 2).  The IBM/Sonitor 
solution provides location accuracy, thus providing healthcare 
organizations with real-time location visibility and heightened 
benefits.

Figure 1: Ultrasound Technology
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Figure 2: Precision vs. Accuracy
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Because of the inherent attributes of ultrasound, the Sonitor 
RTLS technology provides room-level accuracy ’out-of-the-
box‘, and requires no fine-tuning.  Sub-room-level accuracy, 
obtained by appropriate placement of Sonitor’s microphones/
receivers inside a room or section of a room, such as an open 
bay in an Emergency Department, provides additional ROI 
opportunities unique to Sonitor/IBM RTLS ultrasound 
solutions.  Tagged asset location in hallways can be established 
in 40 foot segments, allowing a view down an entire hallway 
when looking for an asset.  

The IBM/Sonitor RTLS Environment
The IBM WebSphere Sensor Events Server is the IBM 
middleware for sensor-type applications. Location Awareness 
Services (LAS) is the component within the Sensor Events 
Server for any sensor applications   requiring tagged item 
location in real-time.  WebSphere Premises Server and LAS 
middleware are built on open, flexible and enterprise-scale 
IBM software products. It is hardware-agnostic and can serve 
as a single integration point for all sensor-based applications 
within an enterprise.  Inside the Sensor Event Server is a 
complex event processing engine from which alerts and events 

Other significant RTLS technology performance differences
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Figure 3: Additional Significant RTLS Technology Performance Differences



can be issued, based on pre-programmed rules.  Rules can 
include various conditions that generate alerts or that start 
automated business processes.

The sensor middleware is important for healthcare 
organizations because different sensor technologies are likely 
to be employed in hospitals to meet different needs.  
Pharmaceuticals and medications will use barcode, or passive 
RFID technologies for inventory and tracking, and 
temperature sensors will be used in refrigerators throughout 
the hospital.  Nurse call systems and infant tracking solutions, 
based on infrared technologies, can be integrated to this 
middleware.  Another solution includes SmartCabinets, which 
contains sensors that detect high-value inventory items such as 
stents and orthopedic implants. through a structured, item-

level serialization standard such as EPCIS.    

Clinical equipment manufacturers are enabling their products 
for WiFi communication and tracking.  The WebSphere 
Sensor Event Server can track these device locations—though 
not with the same location accuracy level as ultrasound 
technology—by enabling location data through a WiFi 
location engine and then passing the data to the Sensor Event 
Server.   Information such as equipment utilization can also be 
captured and associated with the location of the room or of the 
patient, for usage information.  The IBM sensor middleware 
was designed to integrate with other sensors available today 
and to accommodate those that will be developed in the future.  
All these sensors can be integrated to provide business 
information that will enable healthcare organizations to be 
more efficient, improve patient care quality and improve 
patient safety. 



IBM/Sonitor RTLS Advantages
The IBM/Sonitor provides a number of advantages.  The 
solution can deploy equipment tags with two (2) message 
buttons, red and black, that can be programmed for a particular 
asset classification.  Utilizing the Sensor Event Server rules 
engine and the Sonitor ultrasound tag with message buttons, 
asset conditions can be made ‘visible’. Pressing a tag button 
could indicate, for example, that an asset is ‘dirty’ or needs 
repair.  Or, it could show the asset as ‘in use,’ if it is not located 
in the ‘clean’ area.   

Pre-defined asset ‘home’ areas can also be set. If, for example, 
an asset is removed from an authorized department or floor, 
alerts can be sent to pre-selected staff, such as the Unit 
Manager, Security, or Bio-Med staff.  The ‘last seen’ asset 
location can be logged with time and date stamped for future 
reference.  

If the asset is to be moved for Preventive Maintenance or other 
servicing, pre-approved tagged staff accompanying the asset 
will prevent the alarms.  For loss prevention, alerts can be sent 
if the asset is physically leaving the hospital premises.  Alerts 
can also be sent if the asset enters an area in which it could 
potentially be damaged (such as a small monitor being taken 
into the laundry facility with soiled linens.  

The IBM/Sonitor RTLS solution allows staff to search for 
assets through a web browser from any workstation or mobile 
device connected to the healthcare IT system.  Records for 
each asset can be maintained, showing the last time the asset 
was used, where it was used, and, if the staff and patient are also 
tagged, by whom and for which patient.  The ultrasound 
system’s integration with an asset management solution 
permits bio-medical engineering to generate Preventative 
Maintenance (PM) orders, by location, every month for 
improved efficiency.   

With patients and staff tagged, information showing location, 
date, time and personnel and/or equipment associations can be 
captured.  This can be applied to help with the evaluation of 
adverse or unexpected events or with the correlation of 
specialty care/equipment and billing.  This information can 
also help measure efficiencies, such as ED and OR workflows.  
Process insights can be derived from actual data so ‘what-ifs’ 
and other simulations can be performed to facilitate educated, 
data-derived changes to improve patient care and hospital 
efficiencies. 

As previously mentioned, information from the RTLS solution 
can be displayed on a graphical 2-D interface (floor map) or in 
a report format.  Additional data processing can be achieved 
using canned or custom reporting features.  Asset utilization 
information and other dashboard or key performance indicator 
(KPI) views can be developed to help optimize fact-based 
decision-making.  Location information from the RTLS 
system, combined with alerts or trigger events, can be sent to 
other clinical and/or workflow applications via an HL7 
interface. These include IBM’s Maximo asset management 
solution, IBM’s Cognos business intelligence and executive 
dashboard solution, and other third-party solution systems.  
Integrating the RTLS solution with Maximo, enables staff 
quickly to locate assets due for PM, or other maintenance, and 
to improve the efficiency of the Bio-Medical/Clinical 
Engineering process.  Leased assets with expiring leases and 
products with recall notices from manufacturers can now be 
quickly located and retrieved for processing, and vendor 
contracts can be efficiently managed. 

The IBM RTLS solution has been designed to meet today’s 
hospital requirements to gain visibility to  assets, patients and 
staff location.  Our solution builds on a foundation that can 
integrate and accommodate other hospital systems and sensor 
technologies, and incorporates business rules to improve 
patient safety and hospital efficiencies.  For more information 
on the IBM/Sonitor RTLS solution: 

http://www-304.ibm.com/businesscenter/smb/us/en/
contenttemplate/!!/gcl_xmlid=170132/ 



Why IBM?
IBM’s extensive work in the healthcare provider industry has 
taught us that two skills are critical in any effort to maximize 
the value of IT:  deep vendor application knowledge and 
healthcare process redesign skills.  IBM Healthlink Solutions 
has spent more than a decade building our offering around 
these two critical skills.  

Our seasoned team includes healthcare and IT professionals—
most of whom have held leadership positions such as CEO, 
COO, CFO, CIO, CNO, MD, RN, and RPH, in healthcare 
provider organizations.  Almost 80% of our healthcare 
consultants have 10 or more years of relevant healthcare 
operational experience.  They have the background to 
understand your challenges and to solve your problems quickly 
and effectively.  

IBM Healthlink Solutions provides IT and process redesign 
consulting services to assist your healthcare organizations 
realize tangible value from your IT-enabled initiatives.  Our 
strong roots in healthcare process redesign allow us to help 
you achieve meaningful improvement through enabling the 
right process with the right technology.  Prior to its IBM 
acquisition in 2005, Healthlink, had completed more than 
2,000 client engagements in 48 states—exclusively for 
healthcare provider organizations.  Our extensive experience in 
implementation project management, process redesign and 
organization transformation has helped us succeed both in the 
U.S. and internationally.    

IBM also is the largest consulting and services provider 
worldwide, with significant activities in almost every aspect of 
information technology, in almost every country in the world.  
We are the leading ERP solutions integrator worldwide, and 
we are credentialed to implement products such as Lawson, 
SAP, Oracle and other ERP solutions. We also have the skills 
to integrate RTLS solutions into these ERP solutions. 

IBM is a recognized leader in the RFID and Sensors and 
Actuators (S&A) space.  We have 17 international S&A centers 
of excellence and multiple IBM Research locations focusing on 
new and emerging technologies. We support middleware 
solutions that enable network-centric operations across the 
enterprise through open, flexible, scalable architecture—
facilitating integration of both current and future systems.  We 
participate actively in EPCglobal and have authored various 
industry papers.  We have performed more than 150 RFID 
engagements involving Business Strategy/Business Case 
Assessment, Product Testing, Site Surveys, Functional Subject 
Matter Expert (SME) Support, Technical Solution Design, 
Pilot Development/ Management, Systems Integration/
Connectivity, Implementation, and Overall Project 
Management.  

Working with IBM as your healthcare solution partner will 
help your healthcare organization select and deploy the most 
appropriate solution for your environment. 
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