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ABSTRACT

Staff shortages and an increasingly aging population are
straining the ability of emergency departments to provide
high-quality care. Moreover, there is a growing concern
about the ability of hospitals to provide effective care dur-
ing disaster events. Tools that automate patient monitoring
would greatly improve efficiency, quality of care, and the
volume of patients treated. Towards this goal, we have de-
veloped MEDiSN, a wireless sensor network for monitor-
ing patients’ vital signs in hospitals and disaster events.
MEDIiSN consists of Patient Monitors which are custom-
built, patient-worn motes that sample, compress and secure
medical data, and Relay Points that form a static multi-
hop wireless backbone for carrying patient data. Moreover,
MEDIiSN includes a back-end server that persistently stores
medical data and presents them to multiple GUI clients.
MEDIiSN’s heterogeneous architecture enables it to address
the compound challenge of reliably delivering large volumes
of data while meeting the application’s QoS requirements.
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1. SUMMARY OF MEDISN

The increasing size of the aging population [1], nursing
staff shortages [2], and decreasing hospital capacities [3] sug-
gest that the current level of patient care may decrease in the
future. Furthermore, lack of resources and communication
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infrastructure can also prevent care givers from saving lives
in disaster response scenarios in which hospitals’ emergency
departments are overloaded with critical patients. Addi-
tionally, when mass casualties occur there should be more
efficient ways to monitor the health status of both first re-
sponders and the wounded victims.

In response to these challenges, we have assembled an in-
terdisciplinary team of researchers and practitioners to de-
velop a Wireless Sensor Network (WSN) system with the
goal of automating the health monitoring process both in
hospitals and for mass casualties. Figure 1 provides an
overview of MEDiSN comprising a set of Patient Monitors
(PMs), Relay Points (RPs) and a Gateway. PMs are motes
equipped with medical sensors (e.g., PulseOx, ECG, etc.)
which record the patients’ vital signs. The PM’s processing
core is the Sentilla Tmote Mini which combines a Texas In-
struments MSP430 microcontroller with a TI/Chipcon CC2420
low-power radio in a mini-SDIO form factor. Unlike previ-
ous proposals, our system includes a dedicated wireless mesh
infrastructure of RPs that relay the PMs’ measurements.
This makes MEDiSN capable of scaling up to monitor a
high number of PMs and be used in mass casualty scenarios
where many individuals should constantly be monitored.
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Figure 1: The MEDiISN Architecture, including
multiple Patient Monitors (PMs) that collect pa-
tients’ vital signs, Relay Points to forward the data
and a gateway to collect individual measurements
from PMs and send management commands.

To design a system for use in medical care several things
should be considered. First, the privacy of patients’ data
must be protected. We achieve this by performing end-to-
end encryption and authentication of PM data. Second, due
to the large volume of data that medical sensors may gener-
ate (for example, ECG is sampled at 250Hz), the measure-



100 [0Siengmting

920

80 |

70 |

60

50

Average Reception Ratio [%]

40 |
With Aggregation at RP
. No Aggregation x X
0 20 40 60 80 100
Total Number of Physiological Monitors

30

Figure 2: Tossim experiment showing the average
reception ratio of packets with and without aggre-
gation at the RPs.
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Figure 3: Performance comparison with CodeBlue.

ments must be compressed to conserve network bandwidth.
For this, we have compared several lossless compression al-
gorithms and found that the delta compression algorithm
offers the best combination of high compression ratio and
low implementation complexity. Therefore, we introduce a
new delta compression scheme that is suited to compress
ECG signals by detecting the waveform of ECG signals.

We use the Collection Tree Protocol (CTP) [4] as the main
routing infrastructure for delivering PM measurements to
the gateway. We enhance CTP with a mechanism to de-
liver commands from the gateway to individual PMs. Data
flowing in both directions are protected by hop-by-hop re-
transmissions. Furthermore, we improve the system’s ca-
pacity by optimizing the MAC back-off timers that RPs use,
considering that they consistently forward large amounts of
data. Finally, we have implemented an RP selection mecha-
nism which ensures that PMs stay connected to the wireless
backbone even when they are mobile.

2. PRELIMINARY RESULTS

Figure 2 shows the scalability of MEDiSN when transmit-
ting only the essential information needed to monitor health
of individuals. Tossim results show that when sending data
every second from each of 80PMs, over 90% of the data sent
from PMs reach the gateway with the help of aggregation
techniques implemented on top of CTP.

Figure 3 compares MEDISN with CodeBlue [5] in an in-
door environment with variable number of PMs. In this
test each PM generates 115 byte packets at a rate of 3Hz.

Additional results of MEDiSN from a prototype implemen-
tation and simulations indicate that MEDiSN can achieve
high levels of network utilization and that hop-by-hop re-
transmissions can effectively mask the effects of collisions
and interference. Furthermore, we see that the proposed
system can sustain high data delivery ratios even when the
PMs are mobile.

3. DEMO DESCRIPTION OF MEDISN

Figure 4: Custom vital sign collecting hardware de-
veloped for MEDiSN.

Through the demo the authors will show the effectiveness
and applicability of MEDiSN in real life. The demo will con-
sist of one laptop as the gateway, several RPs and multiple
PMs. The gateway mote and RPs will be Tmote Skys and
the PMs will be custom made physiological monitors such
as the device shown in Figure 4. The PMs will be mobile
and will establish a twoway communication with the gate-
way using the RP’s infrastructure. The demo will also show
that the procedures of placing RPs can be done in a simple
yet efficient way.
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