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ABSTRACT

Many emerging and existing medical applications dmmefit from having
continuous access to the patients vitals. This p@pesents the results of a set of
experiments conducted in a medical setting to deter the feasibility of using wireless

communication in both home care and hospital intensare environments.

The study is also done with the intention of dep&lg a new wireless protocol
for use in medical settings. This protocol willdabe incorporated into different medical
devices operating inside a patient room with a vighat significant performance

improvements should be observed.
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CHAPTER 1

INTRODUCTION

Most devices in hospitals use the 802.3 wired Eeberstandard for
communication within a patient room and also withihospital environment. We know
that the reliability is much higher for wired comtien. So, why are we thinking of using
wireless communication? Even though wired connadsoreliable, it does have quite a
few significant disadvantages.

It can be very inconvenient and uncomfortable fug patient to have tons of
wires around his bed and that can restrict propaboility for the patient as well as the
doctors and nurses. With wireless communicationcau@ remove the cost of wiring. It
will improve the interoperability of medical devgeif all devices do not have to be
connected to each other using wires. And most itapdy, using wireless
communication will provide ubiquitous access tomfation within a hospital setting.

The objective of the experiments was to study sgveerformance metrics of
wireless communication in a hospital setting. TRpegiments were set-up on laptops
employing open source wireless drivers. The differeommunication parameters
measured were
1. Received Signal Strength Indicator (RSSI)

2. Average packet Propagation Delay

3. Packet Loss
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The main scenario that motivates our work is inttbspital context. The aim is to
provide wireless communication between the medd=lices in the hospital, and a
laptop. Electronic health records has enabledaliggicording and storing of patient data.
We performed experiments to see the performan®éiéfi communication over TCP/IP.

The medical device continuously sends packet thdighi to the receiver laptop.



CHAPTER 2

ARCHITECTURE

We performed the experiments using two laptops @hene acts as the
transmitter and the other acts as the receiver.

Medical Data was constructed in the form of streeguin the C programming
language. We studied how it performs when bothldp&ops are static, and again when

we moved the receiver around.

2.1 Static Receiver
The transmitter and receiver laptops are kept firea particular position. It uses
the traditional TCP over IP method of communicatm@iween the transmitter and the

receiver, with the association of an access point.
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Figure 1. Static TCP/IP Experiment



2.2 Mobile Receiver
The transmitter was kept at a fixed position. B teceiver was mobile. This
was done to test the performance when medical packere forced to change their

access points.

Mobile TCP/IP experiment across
different access points .
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Figure 2. Mobile TCP/IP Experiment Across Differéuttcess Points



CHAPTER 3

PERFORMANCE METRICS

Medical packets of different sizes were being tnaitted for the experiments. The
packets used were Fetal Heart Rate Monitor — 728yPulse Oximeter - 114 Bytes,
Infant Respiratory Monitor - 56 Bytes, Self-Checkiése Level Monitor — 54 Bytes and
Asthma Monitor — 66 Bytes. Each medical packet teeheing transmitted was stamped
with a unique sequence number, type of medical gtalPulse-Oxim”, “Infant-Resp”),
timestamp and other information if relevant.

We measured the following parameters to see howwiteEdless communication
performed in different environments.

1. Packet Reception Ratio

Packet Reception Ratio was calculated as the aditibe total received count to
the last sequence number received

Example: Received packets are 1, 2, 3, 6, 7, 106&ese numbers). Here
Received Count = 6 and Last Sequence number receit®. PRR = 6/10 = 0.6.

2. Received Signal Strength Indicator

Received Signal Strength or RSSI is a measure eofsttength of the received
radio signal. We have obtained it from the socketads while performing the
experiments using TCP-IP. The higher the valuestrenger the signal is. The values are

usually negative numbers, so smaller the numbghehiis the signal strength.



3. Average Packet Propagation Delay

The delay per packet has been calculated usinipthrila

(12-T1) = (T2-T)

2

Send Packet
T

Transmitter Receiver

N S

end Acknowledgement

T1

T2

Figure 3. Average Propagation Delay Calculationtiddt



CHAPTER 4

EXPERIMENTS

Each of the experiments was performed in threeewdfft environments — at
home, on the university campus, and in the hospita¢ Figures 4, 5 and 6 show the

variations in the recorded values depending on etiex experiments were performed.

4.1 Static Receiver

Table 1 below, shows the values for Packet losgoRAverage Signal Strength
and the average Propagation Delay for each ofritee tscenarios when the receiver is in
a fixed position. It was observed that in the aparit high burst losses were absent
throughout, which resulted in minimum packet loSgice there was less queuing of
packets, the average propagation delay was quite lo

In the university, high burst loss was low, butcsirthere were other devices on
the network, the packet loss was higher than thtte apartment.

In the hospital, since there were many access fdime packet loss was low, and

there was very good signal strength.

Table 1.Results for Static Receiver

Apartment University Hospital
Packet 92.5% 92.7% 87.66%
Reception
Ratio
Average -49.7 -51 -47.68
Signal
Strength
Average 7.6 13.6 83
Propagation
Delay
Burst-Loss Low Low Low




4.2 Mobile Receiver

Table 2 below shows the values for Packet lossoRaWerage Signal Strength
and the average Propagation Delay for each ofhreetscenarios when the receiver is
mobile.

In the apartment, there wasn’t much change in #uoket loss, or signal strength.
The performance was about the same as when theeeeas static.

In the university, packet loss was somewhat highecause of the multiple access
points, and some dead points where the device caoldget a connection. The
propagation delay fairly increased as a resulbotiouously changing access points.

At the hospital, some packets were lost becausswitthing between access
points. But high burst loss was avoided becausth@fclose proximity of the access
points. There were several dead points when mowirigof the vicinity of the access

points, like when the patient is moved from onefflto another.

Table 2. Results for Mobile Receiver

Apartment University Hospital
Packet Reception 90.39% 83.81% 82%
Ratio
Average Signal | -54.3 -45.6 -50.9
Strength
Average 7.3 18.46 112.8
Propagation
Delay
Burst-Loss Low Medium(Due to | Medium(Due to
Dead spots) Dead spots)
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Figure 4. Comparison Of Signal Strength

1000
900
800

600
500 |
|
400
300 T . | rﬂ' \
200 7 l‘

I 4l
100 RS = \l’\ n L

0 200 400 600 800 1000

Propagation Delay(ms)

Packet Numbers

Figure 5. Comparison Of Propagation Delay

-
. T
| ‘!
506 | : 4
[N
04 T
| |
02
0
0 200 400 600 800 1000 1200

Number of Packets

Figure 6. Comparison Of Ratio



10

CHAPTER 5

CONCLUSION

Wi-Fi over TCP/IP performs well in a hospital setfilike Surgical Intensive Care
patient rooms. And it can be used for patient c&er future work, a real-time
networking solution can be built with real time ve@gments for efficient monitoring and
treatment. Integrity would have to be maintaineeduse an incomplete dataset is of no

use. Higher throughput would be required for awid video.
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