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Abstract—In mass casualty incidents, an enormous amount of 

data, including patients’ vital signs, patients’ location, location 
and availability of transport vehicles, and the capacity of care 
facilities must be gathered and monitored efficiently.  Today, 
these pieces of critical information is manually collected on clip 
boards and communicated over radios. During large scale 
disasters, providers quickly become overwhelmed with the large 
number of patients, limited resources, and insufficient 
information. To facilitate patient care, resource allocation, and 
real-time communication, the Advanced Health and Disaster Aid 
Network (AID-N) electronic triage system facilitates the seamless 
collection and dissemination of data from the incident site to key 
members of the distributed emergency response community.  
Here we present the iterative design of electronic triage tags on 
lightweight, embedded systems with limited memory and 
computational power and demonstrate how they improve 
communications during a real-world mass casualty drill. These 
electronic triage tags use noninvasive, biomedical sensors to 
continuously monitor the vital signs of a patient and deliver 
pertinent information to first responders.  The real-time 
collection of data through a mesh network in a mass casualty 
drill was shown to approximately triple the number of times 
patients that were triaged compared with the traditional paper 
triage system. 
 

Index Terms—Biomedical monitoring, emergency services, 
human factors, multisensor systems. 
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I. INTRODUCTION 
MERGENCY medical situations require responders to 
effectively care for patients with limited resources and 

medical infrastructure, often under intense time pressure.  At 
disaster, a critical first step in the response process is the rapid 
and accurate triage of the patients.  Triage information from 
the field is communicated to multiple parties of the response 
team and must be continuously updated to reflect the ongoing 
response.  This information triggers a sequence of events to 
occur in coordination of response, including the request for 
ambulances and personnel, notification of receiving care 
facilities, and prioritization of patients for transport and 
treatment.   Patient triage acuities vital signs and locations 
steadily evolve and must be tracked continuously to ensure 
proper resource allocation and patient care. Unfortunately, the 
current response process use paper triage tags that cannot 
ensure for efficient triage, monitoring or location of patients 
during mass casualty situations.  

At the scene, responders perform triage by attaching a paper 
tag or colored ribbon to each patient to indicate acuity level 
and then call their triage officers to report their counts.  Triage 
officers collect data from responders in their team onto a clip 
board, and in turn report the aggregate information to the 
incident commander. The commander tallies the patient 
numbers, and then requests for the necessary number of 
ambulances and hospital.  

Paper tags employ color codes to determine the severity of 
the patients’ injury.  Patients classified as red are considered 
to need the most immediate attention, followed by patients 
classified as yellow. Patients classified as green are the least 
severely injured and patients classified as black are either 
deceased or expected to die despite immediate medical care.  

These tags have obvious limitations in patient monitoring.  
They also provide little room for manually recording essential 
information during treatment, such as the patients’ vital signs 
and chief complaints.  Furthermore, reading the tags can be 
difficult because the patient information, recorded under time 
pressured situations, is often illegible.  Paper tags also have 
limited visual feedback and do not aid in locating a particular 
patient in a sea of patients tagged with the same color. When a 
large number of patients need to be tallied by the commander, 
the manual count of each triage level is prone to human error. 
Critical minutes are wasted between the time a patient is 
triaged and the time that information is verbally reported to 
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the officers.  The status indicated by the paper tag cannot be 
quickly upgraded or downgraded when a patient’s condition 
changes.  Further prioritization between patients categorized 
with the same color triage tags is done in an ad hoc manner or 
not at all.  

Upon completion of initial triage, patients are moved from 
the triage area to a specified treatment/waiting area to await 
transportation to a hospital.  Secondary triage allows for an in-
depth reassessment of the patient’s condition and collects 
information such as the patient’s demographics (age, gender), 
allergies, medications, chief complaint, and a description of 
the injury.  This information is necessary for proper patient 
treatment and appropriate transportation to a hospital capable 
of treating the patient’s condition.  During secondary triage, 
the vital signs of the patient, such as the heart rate, blood 
pressure, and respiration rate, are also assessed.  If 
transportation to a hospital is delayed, patients must be 
reassessed every five to fifteen minutes.  The constant 
reassessment is problematic in mass casualty situations 
because it prevents responders from collecting other useful 
information about the patient and focusing on patients who 
need additional aid.  

In this chaotic environment, insufficient information is 
often provided to EMS officers regarding the developing 
needs of the ongoing response.  Patients who are mobile can 
often depart the scene without being authorized to do so.  
When patients contaminated with hazardous materials depart 
before they are decontaminated, public facilities and receiving 
hospitals become at risk for secondary exposure.  Such 
missteps create an organizational nightmare for the EMS 
officers responsible for the scene.  During chaotic 
environments, patients often wait for extended periods before 
ambulatory transport arrive. An extended wait time hastens 
the unnecessary deterioration of patients’ conditions.  In 
addition, secondary injuries such as hypoxemia, hypotension, 
and cardiac tamponade may arise.  To address these problems, 
current emergency response protocols require paramedics to 
periodically re-triage patients [12].  Every 5, 10, or 15 
minutes, patients with red, yellow, or green priorities are re-
triaged, respectively.  However, this important protocol is time 
consuming and not very practical for many emergency 
situations [23]. 
 To resolve some of these challenges, AID-N has a 
designed decentralized electronic triage and sensing system 
that contains low power embedded devices.  The 
physiological characteristics of each patient is efficiently 
monitored and tracked through a fault tolerant communication 
infrastructure.  Patient information is automatically distributed 
to response members on computing platforms tailored to fit 
individual workflow needs.  Laptop displays patient 
information on a wide screen and is suitable for use by 
treatment officers localized to a particular treatment area.  
PDA with GPS serves as a portable platform for field medics 
on the move. The PDA contains an integrated camera and 
barcode scanner that allows users to rapidly collect 
information at the scene.  A web site allows authenticated uses 
to log on and review critical information from the field. The 
main benefits of the AID-N electronic triage include: 

1) continuous monitoring of triage levels, physiological 
status, and location of the patients  

2) automated distribution of patient data in real-time to 
response team members both on and off the disaster site. 

The overall goal of the AID-N electronic triage system is to 
more efficiently gather and distribute information on the vital 
signs and locations of patients in a manner that is extremely 
fault tolerant.   The following sections describe four areas of 
our triage system: 1) electronic triage tag, 2) wearable sensors, 
3) patient monitoring base station laptops 4) 5) documentation 
PDA. 

II. RELATED WORK 
The AID-N electronic triage system has been designed and 

implemented to meet the needs of the next generation of triage 
systems.  Previous research has established standards for 
initial triage for the categorization of victims according to 
treatment urgency during explosive events or biological 
catastrophes [5][8][42].  Also, technology has been combined 
with triage through the use of barcodes, tag readers, passive 
RFID tags, hand-held computers, and geolocation to collect 
data about mass casualty events [6] [15] [10] [24] [26].  
Location tracking systems, such as [11], use active RF-ids tags 
in hospitals, but lack the embedded vital monitoring 
components of AID-N.  The AID-N electronic triage system 
provides similar functionality as other electronic triage tags 
[26] [33] [38], but the AID-N electronic triage system use 2.4 
GHz Radios (802.15.4) instead of 802.11 and consist of ultra-
low power embedded hardware.  Previous work by [4] [30] 
has also developed biomedical sensors, but AID-N 
specifically built their hardware and software to accommodate 
triage situations. 

Monitoring packs used by responders during routine 
ambulance runs provide the required updates but can track 
vital sign trends of a single patient [51][34].  Bedside-
monitoring systems used in hospitals can track multiple 
patients but are not suitable for field use [50].  AID-N 
presents a low power, wireless electronic triage system with 
multiple biomedical sensors (EKG, pulse oximetry, non-
invasive blood pressure) that yield continuous, automated, 
real-time patient monitoring.  The technical challenges faced 
by AID-N were the creation of the auxiliary boards to the 
specification of the paramedics, the creation of lightweight 
and simple algorithms to fit on the resource constrained 
embedded systems, the propagation of information across 
low-data rate radios, and the integration of several disjoint 
systems together (802.15.4, 802.11, PDA, web services and 
database). 

Compared with the above mentioned projects, the AID-N 
system has several unique features. 

1) Triage System on an 802.15.4 Network:  AID-N 
addresses the challenge of collecting and transmitting vital 
signs for a disaster application over an 802.15.4 network. 

2) Iterative Design of Triage Hardware and Software.  
Continuous communication with paramedics throughout the 
design process resulted in a realistic and usable system.  All 
embedded systems created can be used with the standard 
sensors in any ambulance. 
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3) Flow Mesh Networking Protocol.  AID-N used the Flow 
networking protocol designed specifically for lightweight 
embedded systems. 

III. THE AID-N ELECTRONIC TRIAGE ARCHITECTURE 
 Embedded systems in AID-N transmit data over ad-hoc 
mesh networks to patient monitoring computers such as 
laptops at the scene and via Internet links to a central server 
for access by emergency departments and Public Health.  
Each device is constructed with inexpensive electronic 
hardware and operates on software suitable for embedded 
systems. These systems have limited memory, computational 
power, energy source, and communications bandwidth. The 
main challenges in the design of AID-N were the collection 
and distribution of information using lightweight embedded 
devices. Several kinds of such low power devices were 
developed: electronic triage tag (ETag) with integrated pulse 
oximeter, EKG monitor, and blood pressure (BP) monitor 
(Table 1). 

 
TABLE  I 

POWER ANALYSIS OF ELECTRONIC TRIAGE TAGS AND NONINVASIVE 
BIOMEDICAL SENSORS 

Component Mode Power (mW) 
ETag n/a 138mW 
EKG Heart Rate Extraction 63mW 
EKG  Waveform 93mW 
BP Mote  Inflation 3330mW 
BP Mote  Standby 240mW 

 

A. Electronic Triage Tags 
The hardware in the AID-N electronic triage system 

provides a low power embedded devices to meet the 
challenges of efficient triage.  The electronic triage tag allows 
the medic to set the triage color (red/yellow/green/blue) of the 
patient at the push of a button.  It replaces the paper triage tags 
that are commonly used by medics today.  The functionalities 
of the electronic triage tag are triage, status display, location 
tracking, pulse oximetry sensing, and alarm signaling.  The 
electronic triage tag’s modes of operation can be controlled 

directly on the device or remotely. The tag runs on a platform 
that has telemetry capabilities and its triage states are reported 
to a remote station.  

The triage status is entered to the electronic tag by toggling 
the triage button and displayed by four light emitting diodes 
(LEDs) that represent the triage colors of the patient. The 
colors represent the triage priority levels in descending order: 
red, yellow, green, and blue. The patient can only be on one 
level at a time and the tag employs a lockout feature to 
prevent patients from triaging themselves either accidentally 
or intentionally. A small green LED, on the side of the tag, 
blinks in sequence with the patient’s heartbeat and an amber 
LED can be turned on if the patient is contaminated.  The tag 
can blink all LEDs to signal that the patient should be taken to 
the hospital. In addition, providing visual interface in-situ is 
useful and important, therefore the electronic triage tag has an 
integrated display [45].    

The triage tag hardware and driver software were developed 
at the University of Virginia (UVA). The device has five 
programmable LEDs and LCD for information display, up to 
four buttons for user input, an interface to OEM pulse 
oximeter daughter board and sensor, four channel 
photoscanner for reading coded triage card, and an optional 
RS232 interface to other medical sensor devices (Figure 1). 
The monochrome LCD screen has text output, two lines with 
eight characters each, and optional LCD backlight. The LCD 
screen currently displays the oxygen saturation and the heart 
rate of the patient. The photoscanner is made from four photo-
interrupters and can optically detect up to 15 different code 
cards. The electronic triage tag uses the MicaZ platform from 
Crossbow Technology for information processing from the 
sensors and wireless communications over 2.4GHz ISM radio 
frequency band [35]. Data on the tag is relayed via a 
compatible radio and sensor node Tmote Sky from MoteIV, 
which attaches to a PC via Universal Serial Bus (USB) [49]. 

The MicaZ and TmoteSky motes have maximum data rates 
of 250 kbps.  The single-chip radio in the MicaZ and 
TmoteSky, CC2240, operates in the unlicensed 2.4GHz ISM 
band and is compatible with IEEE 802.15.4 standard. The 
radio has a practical indoor range of approximately twenty to 

Power Source (3V) 

4MB External Flash 
CC2420 802.15.4 
Radio Transceiver 

Transmission 
Power Control 

51 Pin I/O Expansion Connector 

Digital     
. 

Analog  
. 

8 Programming 
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LEDS 

LCD 

Atmega 128 Microcontroller / 128 RAM 

S
P

I  B
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Fig. 1 a) Electronic Triage Tag with pulse-oximeter board attached. b) Architecture of the Electronic Triage Tag (includes MicaZ mote and AID-N 
custom built Etag board). 
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thirty meters. The TmoteSky and MicaZ motes can be 
powered by two AA batteries and consume roughly 19.5 to 23 
mA or 26 to 28 mA at 3V respectively.  The low power 
consumption results in a battery lifetime of five to six days of 
continuous operation.  The motes are constructed to be 
inexpensive and light weight. With MEMS manufacturing, we 
envision the motes to become single-use disposable devices 
[17]. 

 MicaZ mote’s standard whip antennas were substituted 
with commercial 802.11 rod antennas to increase outdoor 
range from 23 to 66 meters.  Tmote’s printed circuit board 
antennas were substituted with 8.5dB gain external antennas. 
These antennas are available as a magnetic vehicle mount and 
can be conveniently placed on ambulances to significantly 
increase the base station’s wireless coverage. 

B. Noninvasive Biomedical Sensors 
In order to effectively measure patient’s physiological 

conditions, multiple sensor modalities are attached to the 
mote. The Etag contains integrated pulse oximetry capability 
for measuring the oxygen saturation and heart rate of the 
patient (Figure 1).   The pulse oximeter board is developed by 
Smiths Medical and operates with SpO2 accuracy of ±2% 
variation and heart rate accuracy of ±2 bpm according to 
specification. Vital sign readings are displayed on the LCD 
screen. A standard serial port interface connects with multiple 
types of commercially available oximeter clips: finger clip, 
finger wrap, ear clip, and foot wrap for infants [32].   When 
the Etag was connected to a simulator in a controlled lab 
environment, it showed perfect performance with an accuracy 
of ± 0% variation .   Multiple oximetry clips were tested for 
performance with motion artifacts.  The variation caused by 
brisk movement was measured for ear clip pulse-ox [ Χ =± 
36% variation, s=.03], finger pulse-ox [ Χ  = ± 41.8% 
variation, s=.04], and robust finger pulse-ox [ Χ  = ± 36.0% 
variation, s=.04]). 

The BP monitor and EKG monitor were developed for 
patients who need additional levels of monitoring beyond 
pulse oximetry.    The BP mote automatically inflates an upper 
arm cuff at customizable time intervals to acquire blood 
pressure readings and transmit the data over the wireless mesh 
network (Figure 2). This is another modular system that 
allows various sizes and styles of cuffs to be connected in 
order to accommodate children and adults. When acquiring 
BP readings every 5 minutes, the device operates for 10 hours 
on a four-cell battery pack of 9V lithium batteries [47]. 

This device builds upon the NIBP module from SunTech 
Medical, known as the Advantage Mini [47].  The Advantage 
Mini, a clinical grade NIBP module, delivers systolic, 
diastolic, and mean arterial pressure. Pulse rate is also sensed, 
and then used by the base station in vital sign monitoring 
software to verify pulse data from the pulse oximeter readings.  
The cuff meets AAMI SP10-1992 standards, delivering pulse 
rate accuracy of ±3 beats per minute and pressure accuracy of 
± 3 mmHg according to the specification.  

 
Fig. 3. Embedded Blood Pressure Prototype in the AID-N Electronic Triage 

System 
 

The EKG monitor, based upon the sensor board developed 
at Harvard University, detects 2-lead EKG waveforms, 
extracts heart rate using a lightweight algorithm [14].  It 
transmits heart rate measurements and/or waveforms across 
the mesh network, depending on network bandwidth 
requirements. The EKG hardware is another modular system 
that interoperates standard connectors (Figure 3). Different 
types of EKG leads and associated electrodes can be attached 
to this module based upon the patient age and size [41] [16]. 

The heart rate detection algorithm produces reliable results 
while operating under considerable environmental and human 
noise, such as noise created by muscle activity and respiration.  
Furthermore, this algorithm is resilient to common usage 
errors such as reversing the polarity of the leads and 
differences in lead placement (e.g. leads placed on the wrist, 
chest, or abdomen).  These features make it practical to deploy 
our EKG devices for a broad range of care providers, patients, 
and environments.   

 

 
Fig. 3.  Embedded EKG device prototype to collect a patient’s heart beat (seen 

attached to an EKG waveform simulator) 
 

C. EKG Heartbeat Extraction Algorithm 
When several EKG waveforms were transmitted over the 

network, the heavy network load of the waveforms reduced 
throughput in the network.  Additionally, high noise 
interference from movement of the patient resulted in an 
undecipherable waveform to be created while signal 
processing on the sensor.  Therefore, AID-N developed 
lightweight EKG heartbeat extraction algorithm that extracts 
the heartbeat of the patient from the EKG waveform and is 
resilient to noise.  The algorithm is based on the SQRS 
algorithm which can be found on MIT’s physionet website 
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and was described by [40] and has been modified to improve 
performance when tested over the MIT-BIH database of EKG 
waveforms with different forms of simulated noise 
superimposed on the underlying signals.    

    The EKG algorithm first passes the incoming signal 
through a simple FIR filter with coefficient weights [1.5, 0, -
1.5].  Assuming a sampling frequency of 100 Hz, this gives a 
weighted derivative of the incoming signal with a max gain 
near 36 Hz achieved with the original FIR filter employed by 
the SQRS algorithm.  This signal is then tested to see if it 
passes either an upper or lower threshold, both of which are 
dynamically updated.  If the signal passes the upper and lower 
signals in an alternating fashion within 190 milliseconds of 
each occurrence, the detection of an R wave is declared.   If 
more than four threshold crossings occur in an alternating 
fashion within 190 milliseconds of each other, the algorithm 
waits to see if more occurrences occur within 240 
milliseconds of each other to prevent artifacts from being 
detected as beats.  

  The heart rate detection algorithm was tested over 48 EKG 
recordings in the MIT-BIH arrhythmia database of EKG 
recordings [36].  Combined noise including abrupt baseline 
shifts and drift, power line noise, EMG noise and motion 
artifact noise was superimposed on each recording, and the 
mean positive predictivity and sensitivity1 was measured and 
were found to be 97.6%, 91.9% respectively.   The types and 
characteristics of super imposed noise were based on work by 
[13] and observation of EKG waveforms recorded with the 
AID-N system.   

To determine heart rate, the algorithm calculates the 
reciprocal of the interval between the times of detected R 
waves.  After five seconds of no detected beats, the algorithm 
declares a heart rate of zero beats per minute. 

D. CodeBlue Mesh Network 
The software that runs on the ETags allows the responders 

to monitor and control multiple ETags simultaneously.  The 
software and sensors are an extension of the CodeBlue project 
at Harvard University [32].  CodeBlue is a distributed wireless 
sensor network for sensing and transmitting vital signs and 
geolocation data. The communication vastly improves 
coverage and reliability with a virtually unlimited range.  The 
wireless networking software uses Flow Routing2, a mesh 
networking protocol developed at Harvard University.  Each 
sensor communicates with the networking protocol using the 
CodeBlue Interface (CBIF) (Figure 4).  

This mesh network guarantees connectivity between patients 
and providers in mass-casualty incidents.  AID-N designed the 
system to be reliable and requires minimal setup.  The mesh 
network allows AID-N to support hundreds of patients with 
electronic triage tags and medical sensors. The wireless 
transmission of vital signs reduces the amount of information 

 
1 Sensitivity is defined as true_positives/(true_positives + false_positives) 

and gives the percent of declared beats that were truly beats.  Sensitivity is 
defined as true_positives/(true_positives + false_negatives) and gives the 
percentage of beats that were detected.   

2 Additional details on the Flow Networking protocol can be found in a 
separate publication under review. 

that is verbally communicated and provides a second source 
of information to what is occurring on the disaster scene. 

 
Fig 4. Networking diagram of the triage system showing multi-hop 

communications. 
 

E. Patient Monitoring GUI and Vital Sign Detection 
Algorithms 

Sensor data travels over the mesh network to a base station 
that displays the patient information and patient alerts (Figure 
5).   Upon receiving the data, the graphical user interface 
(GUI) sorts the patients based upon priority levels and waiting 
times.  The icons and text use universally accessible colors 
schemes used by paramedics.  The status codes are commonly 
accepted color codes (pink =stable, blue=critical).   

The base station laptop’s vital signs analysis algorithms are 
based upon: 1) published detection methods implemented by 
existing patient monitoring products and 2) feedback from 
paramedics and physicians [9][43].  Table II shows a list of 
the monitored patient conditions.   

Detection parameters are customized to each patient using 
several novel techniques.  
1) If the patient has a medical record that was previously 

entered, information from the record is used to adjust the 
detection thresholds. 

2) Thresholds are adjusted upon environmental factors (e.g. 
altitude and temperature) reported from standalone 
sensors at the scene. 

3) Thresholds are programmatically adjusted upon patients’ 
baseline readings. 

4) Paramedics can adjust thresholds on a per patient basis by 
manually updating thresholds. 

Patients’ thresholds are transmitted to the remote patient 
record database for later retrieval. If there is no network 
connectivity to the remote server, thresholds are stored locally 
on the electronic triage tag. 
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F. Web Portal  
A web portal, known as the Emergency Response 

Information Center (ERIC) supports the need for multiple 
parties to share up-to-date patient information from Internet 
browsers (Figure 6). Sensor data from the incident site travels 
to a centralized database server and is then forwarded to a web 
portal.  The web portal tailors information to multiple types of 
users, including: 
1) Emergency department personnel login to the portal to 
retrieve information about the patients who are being 
transported to their hospital.  
2) Incident commanders login to the portal to see summaries 
of patients triage status and locations at particular disaster 
scenes. This allows them to make informed requests for 
additional medical supplies and personnel and to properly 
allocate available resources. Figure 6 shows a page in the 
portal for this group of users. 

3) Medical specialists, often located at distant facilities, may 
be called on to give treatment instructions to the medics at the 
scene. They log in to view real-time medical data of the 
patient being treated. They can also review the triage colors of 
patients at the scene to verify that the patients have been 
triaged correctly. 

Effective healthcare requires access to patient data that are 
generated and stored on heterogeneous database systems. 
Integration of patient data is a significant challenge faced by 
the healthcare community.  Through the use of well defined 
web services, we were able to connect two disparate systems, 
that is, the CodeBlue network of sensors and the AID-N 
patient management system. Patient information is transmitted 
over SOAP, a form of XML. The WSDL (Web Service 
Definition Language) for these web services is published to a 
community of authorized users.  Our solution has flexibility to 
interoperate with additional systems in the future and does not 
require the client to use heavyweight software libraries or 

TABLE II 
ALERTS RAISED BY VITAL SIGNS 

ANALYSIS ALGORITHM 
Category Alert  

No pulse 
Bradycardia 
Tachycardia 

Onset of change 

Cardiac 

Stability 
Low oxygen saturation Respira-

tory Onset of change 
Systolic pressure 
Diastolic pressure 
Widening pulse 

pressure 
Narrowing pulse 

pressure 
Mean arterial pressure 

Blood 
Pressure 

Change 
 

Fig. 5: Graphical user interface of mass casualty patient monitoring station.  

Fig. 6.  Screenshot of the Emergency Response Information Center (ERIC).[LEFT] Portal for Incident Commander: displays the transportation status 
and triage summary of all patients (top) and maps of the incident  scene (bottom).  In the timeline (top) boxes below the horizontal line indicate patient 
have been transported and boxes above the horizontal line incident patients at the accident scene.  [RIGHT] Portal for receiving hospitals: histogram of 

patient age (top left) and histogram of chief complaints (top right); list of patients at the bottom left, and patient details at the bottom right  
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locally-housed databases – a practice commonly dictated by 
other disaster modeling systems.  Our system enhances the 
quality of a disaster response by providing a lightweight and 
publicly-available web service to the clients. During a mass 
casualty incident, the web portal greatly simplifies the sharing 
and consuming of data across various responder disciplines 
and jurisdictions.   

G. Surveillance and Incident Reporting PDA (SIRP) 
Paramedics carry a handheld PDA called the Surveillance 

and Incident Reporting PDA (SIRP).  SIRP is a handheld 
device with software and hardware designed to improve the 
efficiency of the first responder tasks (Figure 7).  During 
secondary triage, SIRP improves the process of reassessing 
and matching patients to resources by recording patient status, 
chief complaints, and treatments in the PDA using drop down 
lists and geo-location through GPS.  SIRP also improves the 
process of recording patient identification information by 
scanning and parsing the 2D barcode of patient’s driver’s 
licenses.  Patient identification information can also be 
manually inputted for patients without driver’s licenses. SIRP 
also provides an integrated camera as a method for recording 
patient photos, for identification, capturing photos of patient 
injuries, and for pictorially documenting events at the scene.  

Finally, SIRP allows responders to view real-time readings 
of patient’s vital sign sensors while in the field. Manual 
information can also be captured onto the field.  Incident 
commanders also can use the PDA to plan the spatial 
organization of the disaster scene, review locations of 
responders, patients, and locations on scene, and communicate 
scene information to other responders. 

 
Figure 7. PDA screenshots of secondary triage and patient identification entry. 

IV. AN EFFECTIVE AND USABLE TRIAGE SYSTEM 
The main contribution of the AID-N electronic triage 

system is an architecture that allows for more information on 
the vital signs and location of patients during initial triage. 
The system reduces the workload of the first responders by 
reducing secondary triage since a patient’s vital status is 

immediately gathered wirelessly once the device has been 
activated. 

The miniaturized, low-power sensors use universal 
accessory connectors that detect the physiological conditions 
of the patient.  The AID-N team built upon the CodeBlue 
mesh networking software developed at Harvard [32].  AID-N 
added functionality for the electronic triage tags, integrated 
the blood pressure sensor, and created a heart rate extraction 
algorithm that minimized the amount of information that is 
sent across the network for the EKG sensor.   

The base devices are small USB compatible devices that 
receive data from AID-N sensors.  We envision the base 
stations used in every ambulance, every care facility, and 
every disaster scene. Hence, the medic can track the general 
locality of the patient based upon which base station is 
communicating with the ETag.  Software alerts providers if a 
particular patient is walking away from the scene without an 
official discharge.  The base station identifies wandering 
patients by monitoring the signal strength of ETags.  

ETags also allow one to attach extra data such as special 
circumstances which may necessitate specific ways for 
handling that patient, more specific categorization of the 
injury, or identifying information such that this info is 
immediately known to other first responders or EMS officers 

V. EVALUATION OF USABILITY REQUIREMENTS IN TRIAGE 
In collaboration with emergency response `personnel in the 

Washington DC Metropolitan area, we practiced a user-
centered and iterative design described in human-computer 
interaction literature [3][39].   As shown in Table 3, our 
sampled user community consisted of over 50 emergency 
medicine providers from various ranks, in three counties in the 
DC Metropolitan area: Arlington County, VA, Montgomery 
County, MD, and Baltimore County, MD.  A detailed 
description of our iterative design process is presented below. 
AID-N members rode along on ambulance runs with medics 
and interviewed twenty-two medical personnel, including 
three captains, two platoon chiefs, and eight paramedics, in 
regards to EMT procedure and requirements for a patient 
tracking  

Fig 8: An Iterative Package Design.  From left to right, black Mote 21 is the 
initial prototype with three LED lights.  The black mote with five LED lights 
and buzzer is prototype number two.  Prototype number three is a clear mote 
with a LCD screen to display the oxygen saturation and heart rate.  The photo-
interrupter cards are displayed in prototype 3.  The final prototype is the white 
mote with the LCD screen and push buttons. 
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system.  Of the twenty-two medical personnel, six individuals 
took an anonymous survey.  The age range of the medical 
personnel surveyed were from 7 to 25 years (mean=15.0, std = 
6.4).  A seven-point Likert scale was used with the medics (1 
= not important, 7 = very important). 

The evaluation of requirements results in a large number of 
first responders desiring to minimize the amount of paperwork 
done after a mass casualty event.  Also, first responders 
desired easy location of medics, a bird’s eye view of the 
disaster scene, accurate tracking of patients to treatment 
centers, and the ability to monitor the patients in the disaster 
area.  Numerous other needs were also ranked.  In general, 
paramedics ranked tasks that directly affected their 
responsibilities during triage more highly than tasks 
completed by other members on the team.  However, it was 
universally mentioned that tracking critical patients was a high 
priority. 

The subjects were asked to rank possible AID-N features 
using a range between 1 and 7.  1 was the least important or 
least useful; while 7 was the most important or most useful.  
From the surveys, a feature that received one of the highest 
marks was the pulse-ox sensor (mean = 2.83, std=1.47), which 
became the default sensor on our electronic triage tag.   

AID-N evaluated the design implications from the 
preliminary evaluations and incorporated these suggestions 
into the initial design.  As a direct result of the surveys, AID-
N built the system to operate for several days with little setup 
time.  Necessary maintenance and training to use the system is 
minimal.  Also, treating patients with a necklace-like sensor 
raised concern due to the fragility of the neck with spinal cord 
injuries.  Therefore, AID-N also built dual attachments for 
patients’ belts.  The system was designed to withstand rough 
usage.  The packaging provided splash-proof insulation for the 
embedded devices to protect the device against damage. 

 
TABLE  III DATA SOURCES FOR SOLICITING USER FEEDBACK  

Understanding user workflows 
Interviews 
4 medics (at Fire, Police, and EMS Expo) 
Field Studies 
60 hrs of ambulance ride-alongs (Arlington [27], 
Montgomery) 
2 site-visits to emergency operations center (Montgomery 
[46], Baltimore) 
2 MCI  exercise observations (Baltimore [28], Prince 
George’s [29]) 

Identifying and ranking user needs 
Surveys 
6 medics (Arlington County [48]) 
12 medics (Arlington, Montgomery, and Baltimore [1]) 

Discovering additional user needs through prototype 
demonstrations 

Interviews 
3 medics (2 Arlington County, 3 Baltimore County, 1 
Montgomery County) 
2 nurses (Suburban Hospital) 
5 physicians (3 Suburban, 1 Maryland , 1 military ) 
3 MCI experts [18][19][20][21][22] 
Round-table discussions 
10 responders in Baltimore County 

15 responders in Arlington County 
6 responders in Montgomery County 

 
AID-N evaluated the design implications from the 

preliminary evaluations and incorporated these suggestions 
into the initial design.  As a direct result of the surveys, AID-
N built the system to operate for several days with little setup 
time.  Necessary maintenance and training to use the system is 
minimal.  Also, treating patients with a necklace-like sensor 
raised concern due to the fragility of the neck with spinal cord 
injuries.  Therefore, AID-N also built dual attachments for 
patients’ belts.  The system was designed to withstand rough 
usage.  The packaging provided splash-proof insulation for the 
embedded devices to protect the device against damage. 

The medics ranked assistance with information flow as 
important as or more important than vital sign monitoring.  
Therefore, the AID-N system was built to have the 
information seamlessly flow from the accident to the end 
location.  Our electronic triage system eliminated duplicate 
paperwork and utilized the suggestion of paramedics to scan 
patient information, such as the name, address, date of birth, 
and social security number, directly from the driver’s license 
barcode in order to save time and eliminate data entry errors 
through the PDA system called SIRP.   
 These tags must be designed with consideration for 
colorblind medics.  The LED colors are placed in order of 
priority with a priority number labeled next to it. Therefore, 
the medic has three modes for identifying the priority level: 
color, position, and label.  An instruction card is on the back 
of the mote for medics who are called to duty, but are 
unfamiliar with the devices.  
 After constructing our initial prototype, we brought our 
prototypes on ambulance ride-alongs in order to evaluate the 
system and to get real hands on experience in emergency 
medicine and medical service.  The emergency personnel 
stressed the importance of designing the system so that it 
could be deployed quickly and was easy to use.  Interviewees 
stated that in an emergency situation time is critical.  
Therefore, they would likely revert back to the paper system if 
the device was easy to deploy.  Emergency personnel also 
mentioned that the visibility of the LED lights would be 
problematic in the sunlight.  Therefore, in our iterative 
package design, we developed photo-interrupter cards that 
would change the color of the LED through the reflection of 
light from the card onto the photo-interrupter (Figure 8).  
Unfortunately, medics found the cards to be troublesome and 
disliked the idea of having more than one component to keep 
track of. 

The electronic triage system was tested in a prospective 
case controlled study in a mass causality disaster drill using 
two teams of providers (Figure 9).  One team of providers 
used a traditional paper triage system while the other team 
used electronic triage tags and Internet technologies. Both the 
groups of responders comprised of 8 members: Incident 
Commander, Treatment Officer, Transport Officer, Triage 
Officer, and 3 responders.  There were ten patients in each 
group for a total of twenty patients.  

All patients were triaged at the incident and held on scene 
for 22 minutes, due to a delay in transport.  Upon arrival of a 
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transport vehicle, electronic group responders made decision 
to transport 2 patients, and paper team responders made 
decision to transport 3 patients.  The remaining patients were 
moved to a temporary triage center.  

Although team using the electronic equipment received 
only ten minutes of training, the electronic group performed 
triage with the new equipment at a speed that is comparable to 
the paper group.  Time for responders to triage all 10 patients 
and report the triage information to the incident commander 
was 8 min 40 sec in the electronic group and 9 min in the 
paper group.  While responders maintained their triage speed 
when using ETags, the amount of information being collected 
and communicated dramatically increased.   While patients 
were held at the scene for 22 minutes prior to transport to 
either a hospital or a temporary treatment center, vital signs of 
electronic group patients were continuously reported over the 
mesh network (time between each vital sign recording: mean 
= 6.5 s, std=2.4).  Patients experienced a maximum delay of 3 
min 20 sec between two successive vital sign recordings.  
Vital sign readings for each patient was reported in real-time 
and archived into a database (average O2sat recordings per 
patient: 526; average HR recordings per patient: mean = 365). 
A high risk patient was identified to need an additional level 
of monitoring beyond the pulse oximeter and monitored mote 
with a two lead EKG was used on a subject that was identified 
as a high risk patient who needed the additional level of 
monitoring beyond the pulse oximeter.  4 min 32 sec of 
continuous EKG waveform was transmitted and stored. 

 Patient photos, and triage details (such as chief complaints 
and injuries) were captured by PDAs.  This information was 
successfully transmitted to the members of the electronic 
group who were not located at the site of the patients: hospital 
emergency department, public health official.  

 

 
 

Fig. 9.  Investigation of AID-N Technology through a Simulation of a Mass 
Casualty Drill with Montgomery Fire Department 

Immediately following the drill, we conducted small-group 
interviews with all responders.  A series of questions were 
asked to capture the responder’s perception of the successes 
and problems of the drill, as well as their reactions to the 
technology such as utility, ease-of-use, and efficiency.  
Responders commented that the ETags were “as easy to use   
as they could be” (triage officer).  An observed pitfall of the 
ETag was that the triage status indicator  were LEDs and they 
were difficult to see from a distance under bright sunlight and 

also when the triage tag flipped over on the patient.  In further 
iterations of the package, we plan to solve this problem by 
building reflectors in clear areas in the package so that the 
LED color will be displayed throughput the entire package. 
Responders’ satisfaction was captured through a 5-point 
Likert scale survey.  A series of questions showed our 
technology to be very well received by the users. For example, 
1) “This system was a more efficient way to keep track of 

triage counts” (mean=4.86, std=.38).   
2) “With more training, I would be more likely to endorse 

this equipment” (mean= 4.25, std=.5).   
 

VI. CHALLENGES AND LIMITATIONS 
Several challenges occurred while implementing and 

deploying the AID-N triage system.  The most significant 
open challenge is location tracking.  Inside auxiliary care 
centers, the ability to track the location of patients indoors 
aids medics in quickly locating specific patients whose 
conditions have deteriorated, or who need to be contacted.  
AID-N currently locates patients only to the proximity of the 
base station.  A location tracking capability with a resolution 
of one meter or less is still an open challenge in our current 
system.   

AID-N preliminary investigated two types of location 
sensing capabilities, GPS (Global Positioning System) and 
Motetrack, an indoor location detection system [31].  The 
GPS board used SiRFstarIII chipset from SiRF Technology, 
which acquires signals down to -159 dBm [44].  When 
operating on a 1000mAh battery, the module draws current of 
75mA during active mode and 3.4mA during sleep mode.  
From our initial test results, the GPS resolution was inaccurate 
by hundreds of meters indoors.  The inaccuracy was due to the 
lack of base stations to accurately triangularize the signal at 
the location for our test drill.  GPS was not deployed for our 
test drill with firefighters and paramedics due to its high 
power draw and inaccurate location readings.  MoteTrack was 
also not deployed in our test drill because of the lengthy set up 
time required for the beacon motes and the increased network 
traffic emitting from the beacons to calculate location. 

The second most significant challenge was induced by the 
high data rate of the EKG motes.  Due to the limited data rate 
of the radio on the ultra-small embedded system, running 
several EKG motes in parallel occasionally caused serious 
delays in the network. Paramedics want the ability to view 
multiple EKG waveforms, in addition to the extracted heart 
rate.  Therefore, future work plans to specifically address this 
problem. 

Due to the chaotic nature of emergencies, the system faces 
the difficulty of operating in situations that challenge 
instrumentation designed for use in controlled environment or 
clinical situations. Pulse oximeter readings have limited 
accuracy in the presence of methemoglobin, 
carboxyhemoglobin, nail polish, nail fungus, fluorescent light, 
and motion.   

802.15.4 

802.15.4 

Wi-Fi 

Web Services 

EVDO 

Broadband 

AID-N Server 
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VII. CONCLUSION 
We have presented a system that relieves responders from 

the burden of manually recording vital signs on hardcopy pre-
hospital care reports.  AID-N electronic triage tag operates 
under very low power constraints and uses at least eight times 
less energy than previous triage embedded devices, such as 
the Airborne Server [2].  Furthermore, the development of a 
lightweight triage tag, a portable blood pressure cuff, a 
lightweight EKG heart rate extraction algorithm, and results 
from a disaster drill are described in detail.  We prove that 
lightweight electronic triage tags allows first responders to 
retriage patients three times as many times as first responders 
using paper triage tags. 

The current methodologies in emergency response are 
error-prone and burdensome. The AID-N triage system allows 
for the rapid gathering of vital signs and location data and the 
pervasive real-time transmission of this data to a central 
server.  The AID-N system is being carefully designed so that 
it is usable and compatible with previous systems.  All AID-N 
devices use the accessory connections used in current sensors 
in emergency medical service vehicles.  Instead of sensors 
being connected to large machines, these sensors now connect 
to miniature, weather resistant, low power embedded devices.   

The ubiquitous collection of vital sign information and 
location allows one to better understand what exactly occurs 
during a mass casualty incident and to efficiently plan for such 
an occasion.  The AID-N triage system facilitates 
collaborative patient care in emergency response and relieves 
the workload for each responder.  As a result, our solution 
significantly increases the quality and quantity of patient care.  
Our electronic triage system more efficiently delivers 
pertinent information to first responders and aids responders 
in saving the maximum number of lives.   
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