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1. INTRODUCTION
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» Clinical applications represent one of the most
accuracy-sensitive domains.

Unlike many applications where inaccurate predictions or
error in the data can be treated simply as a “mistake”

» Patient movements
1) Data collected from the hospitals are known to be
Nnoisy.
2) Faulty measurements in physiological sensor readings
3) Training a CDSS(QlAo| AL AR K| Y A|AED from such noisy
data can cause misleading predictions, directly leading to
potentially dangerous clinical decisions.



1. INTRODUCTION

4

A BA: To design a system that addresses the
aforementioned challenges.

Prensent “MediSense” system.

=0 7| A system to sense, classify, and identify
noise—causing motions and activities that affect
physiological signal when made by patients on their
hospital beds.

A AEN M Combines a gyroscope sensor with an
embedded board wirelessly connected to a gateway
and a server.

7|04: A system can be considered as “glasses" for
the clinical third eye in correctly observing medical
data.



1. INTRODUCTION

Figure 1: Pictorial view of our target deployment site.
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2. MOTIVATION AND PROBLEM STATEMENT

» <2.1 Preliminary Studies>

» Collected real physiological signal traces from
patients at an [ICU.

» While analyzing the physiological signal data,
irregular patterns in the signals.
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Figure 2: Sample ECG and plethysmograph signal traces
collected from a real patient.

» The plethysmograph and ECG signal traces of a patient
over time,
» 1) Parts of the signal were noisy and corrupted
(shaded region in Figure 2).
» 2)An impact of patient movements on the ICU beds.



2. MOTIVATION AND PROBLEM STATEMENT
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1. To 1dentify when and how patients move on their
beds

2. Alert the data collection server

—to closely examine and eliminate noisy physiological signal
data from being part of the clinical learning system training

set.




2. MOTIVATION AND PROBLEM STATEMENT

» <2.2 System Requirements>
» OlH| G415 S0t A" 2FAE EF
1) High Reliability
2) Motion Classification & Physiological Signal Correlation

3) Minimal Impact on Clinical Protocols
4) Preserving Original Physiological Signals



3. MAIN SYSTEM COMPONENTS

y Backend Server e k
Bio-signal : Physmloglca.l
Repository : | data collection
[ Patient ,
. , it /j\\ "/ Noise filtering

Motion sensing
& classification

MediSense J In-bed Sensor - -—::,-3 Localization
: 8 nodes e
.. Location- | .* outing
. Beacon nodes |
. [ | - J
Ee o ~"
Hardware Components Software Subsystems

Figure 3



3. MAIN SYSTEM COMPONENTS

» <3.1 Biosignal Repository>

» “Backend Server” A A
In three ICUs, 10 in each ICU, a total of 30 beds

» Additional physiological signal sensing
equipments: (EXt0|AH 24 or WOl H|O|E{H|0|A ZEfsH=
thAD) Backend server directly to the “at—bed”
patient monitors

y =XIst= ME|™ AT [|0|E? at—-bed patient
monitors (ECQG, plethysmograph, SpO2, heartrate,
respiration, etc.)

» [Figure 3]



3. MAIN SYSTEM COMPONENTS

» <3.2 Hardware Platforms in MediSense>

» MediSense consists of three types of hardware
platforms |Figure 3,4 ]

1) In-Bed Sensor Node: xiCH ofgfol| Mx|. SHxjo| 2XlQlS ZkX|
StO] A O|EQ0|0 20

2) Location—Beacon Node: &t 9 2L A0 AX|. MM T
o X XM, mjzl 2t E

3) Gateway: 371 ICUO| 17§ A%|. O|C{ AQX|Q} HA



3. MAIN SYSTEM COMPONENTS

GAT A
IN-BED SENSOR NODES o ‘ ,
-gs\'.:..\_ ‘ R
1\ I} e "
LOCATION BEACON NODES § \ s .
A
BED-SIDE MONITORS
8
& '
o

% US8XimuA

lnb

Trauma Intensive Care Unit
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at the Ajou University Hospital
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4. PATIENT MOTION CLASSIFICATION

» <4.1 Physiological Signal Noise—causing Motions>
) 237 EH|EIX| 22 BHOIA 1074] ACHOIN &
Mot SRt S5 BES A Y BLET

» <table 1> 57}X| =8 2% S q} dil

Motion Type Occurrences/day/bed | Percentage (%)

Head Motion 56 7.77
Arm Motion 264 36.66
Full Body Motion 176 24.44
Chest Motion 112 15.56

Leg Motion 112 15.56




4. PATIENT MOTION CLASSIFICATION

» 2HXHE9| Lol &2 A4L? plethysmograph,
electrocardiograph (ECQ), respiration patterns
s de|H 4= Ho|He| Hatel 2tH

» Have the highest impact on the core
physiological data used in the clinical routine.



4. PATIENT MOTION CLASSIFICATION

» <4.2 Sensor Selection and Configuration>

» 1) The motion sensors? 3—axis gyroscope
(o5 Zat: 7tES A= 2hkp 3 A Xpxf el S 2o HEF T
Z, XIO|2EAF I O|0|H = B0t MaEA 7L Qs ™A MHS)

» 2) gyroscope sensorQ| ZELQIX|? ALY O E2|A
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4. PATIENT MOTION CLASSIFICATION
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4. PATIENT MOTION CLASSIFICATION
» <4.3 Peak Detection & Classification>
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Figure 6. Raw and Low—pass filtered gyroscope Z—-axis data.



4. PATIENT MOTION CLASSIFICATION
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Figure 7. Peaks detected for our controlled data set.

» (a) If no peaks are detected => “Patient Still”



4. PATIENT MOTION CLASSIFICATION
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Figure 8. Peak time—-distance scatter plots

MediSense detects peaks in the data, it computes the time—distance
between the peaks.

(g) If the variance of peak time—distances within T is less than Vmin
=> “Body Shaking”

Peak time—distance variances exceed Vmin => amplitude Nf /1 EH
» 1) The average signal amplitude < Nf => “Arm Waving”
» 2) Else, “Body Rotation”



4. PATIENT MOTION CLASSIFICATION

» <4.4 Filter Evaluations>

» Evaluate the motion classifier

Collected: 2—-month preliminary pilot study, 20
individuals summing up to ~500 minutes of data

Evaluated: 12 individuals (~370 minutes of data)



4. PATIENT MOTION CLASSIFICATION

[l_] Stay still ] Wave arms 23 Rotate bady £=] Shake body | Sum]
100.0

80.0

60.0

40.0

Accuracy

200

0.0

100.0

60.0

Recall

40.0

20.0

0.0

50 75 100 150 200 300 400

Sampling Rate (Hz)

Figure 9. Accuracy and recall for our motion classification
scheme with varying gyroscope sampling rates.
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5. SYSTEM ARCHITECTURE OF MEDISENSE

» <5H.1 Device-to—Bed Localization>

» How MediSense maps each in—bed sensor to a
patient monitor

» Main purpose of system: to filter out noisy physiological sensor
measurements due to patient motion on the beds.

1) Patient monitors
2) In bed motion sensors
3) location—beacon node: H|74 T} Z| diAl

» A bed i1s outside of the ICU



5. SYSTEM ARCHITECTURE OF MEDISENSE

» <b.2 Routing>

» Routing system in MediSense

1) Find a path from an in—bed sensor node to the
gateway

2) Have low latency for better time synchronization

3) Routing state on the sensor nodes should be
minimal and constant

4) Achieve high packet delivery reliability and work
effectively in ICU
» Combines “best—effort single—hop” delivery
along with “beacon—as—backbone” routing



5. SYSTEM ARCHITECTURE OF MEDISENSE

» <5.3 Time Synchronization>

» Important i1ssue

1) Motion data is collected on MediSense’s
embedded platform

2) Physiological data is gathered through a separate
interface

» Do not require very tight time synchronization
1) not correlating the two data streams directly

2) only filtering out small portions of the
physiological signal data

» A sub—second accuracy would suffice
» Time—-stamp (the reception time)



5. SYSTEM ARCHITECTURE OF MEDISENSE

» <b.4 Power and Energy>

» Deployed 1n real clinical settings

The nodes (especially the battery powered in—bed
sensors) maintain a sufficient enough life cycle

Clinical staff : at least one month
The lifetime of the in—bed sensors : to 33 days

» when transmitting a packet

No packet retransmissions, the in—-bed sensor: 15.46
mA, 12,800 mAh rechargable battery = 34.50 days



6. EVALUATION

» <6.1 Motion Classification and Data Filtering>

» Using the in—bed sensors that were in operation
for more than 30 days

» 375 motion events per day
1) arm waving (91.51%)

2) body rotation (7.66%)
3) body shaking (0.83%)

» Within £10 seconds, remove biosignals 2.417%

» The patient with the most amount of movements:
3,641 events, 9.71 days, remove 5.6 hours



6. EVALUATION

» <0.2 Bed Localization Performance>
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Figure 10. RSSI values captured for associated and neighboring location—
beacon nodes. These are traces captured from in—bed sensor at location 4.

RSSI-based localization scheme

MediSense was able to correctly locate all in-bed sensor nodes
with the bed-side monitors with 100% accuracy



6. EVALUATION

» <6.3 Packet Delivery and Routing Performance>
» packet reception ratio (PRR)

» average number of required transmissions per
packet (ATX)

» successfully delivered to the gateway via 1-hop
(In-Bed Sensor Node)

» alow ATX of <1.02 : AolEg|0o|E &
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6. EVALUATION
» <6.4 Node Lifetime Distributions>
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Figure 11. Lifetime distribution of nodes deployed at
our deployment hospital

» achieving our goal of 33 days or more



6. EVALUATION

» <6.5 Deployment Experience>

» several non—technical challenges
1) not interfering with the clinical protocols of the hospital.
2) the time and access to the deployment site, the ICUs

3) capturing ground truth data for our experiments itself was
a challenge



7. CONCLUSION

» Results
1) wellidentifies
2) correlation
3) arrhythmia patient data
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