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1. INTRODUCTION

1.1 ScCoPE

This document objective is to specify the medical monitoring modules of the U-R-Safe
project. The project comprises the following ambulatory monitoring devices:

ECG monitor device
SpO, sensor
Fall/shock detector

This document provides modules specifications of the SpO, sensor, ECG monitor, and
Fall/Shock detector and describes the interconnection between them and RF (UWB) modules.

In addition, this document specifies the requirements for the SpO, event thresholds, ECG
event algorithm thresholds, Fall Detector event thresholds, WP schedules and milestones,
environmenta and regulatory requirements.

1.2 PURPOSE

The purpose of this document is to describe medical monitoring devices for U-R-Safe project
medical monitoring devices are based onOEM products which were modified for URSafe
project from technically and functionally aspects

Certain aspects or specifications were refined during the work plan and design

1.3 APPLICABLE DOCUMENTS

[1] Nonin OEM Il Module Spec Rev. F
[2] Nonin — theory of operation white paper

[3] U-R-Safe— Annex 1 —"Description of Work” Rev 1.1
[4] U-R-Safe— D16 Quality Assurance Procedures Draft
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1.4 DEFINITIONS & ACRONYMS

ABB Description

BS Base Station

CG Card Guard

CM Cellular Modem

Device SpO-, device

DSP Digital Signal Processing

ECG Electro Cardio Graph

GPRS General Packet Radio Service
GSM Global System for Mobile Communication
MC Medical Center

PBS Portable Base Station

RF Radio Frequency

SpO2 Oxygen Saturation

uwB UltraWide Band

TBD To Be Define

TLV Threshold Limited Vaue
WPAN Wireless Personal Area Network

URSafe: WP2 — D2- medical Monitoring
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2. OVERVIEW

2.1 GENERAL CONFIGURATION
Figure 1. Describe the URSafe Project Outline

GPRS/UMTS
connection for data/

Voice and person
location (UMTS)

Connection
to the

medical
service

WPAN (Ultra Wide Bahd
Technology)

] and Communication to the t Home
WPAN medical service
+ Medical + Information

Monitoring
+ local signal
processing

management
+ Speech recognition
+ Signal processing

Home Gatevay to medical service
via the Fixed Access Network

Figure 1. URSafe project concept

According to the concept, elderly persons wear medical measuring devices, connected via
short range Wireless Personal Area Network (WPAN) to a central, Portable Base Station
(PBS). The short-range wireless connection use the Ultra Wide Band (UWB) technology.

The patient can move around at home or close neighborhood while data is collected and
preliminarily analyzed.

When the patient is located outdoors, the Cdllular link is taking over and transmits the data
viathe cellular network to the MC.

The wrist-portable SpO, device (bracelet) is integrated as an optional device and as part of
the WPAN project architecture.

It consists of a UWB wireless communication module used to contact BS or PBS at regular
intervals, or when prompted by a critically low Oxygen saturation

The ECG device consists of awireless communication module (UWB) used to communicate
with the Base Station (BS) or to the PBS at regular intervals, or prompted by a critical
condition.

The Fall Detector device consists of a UWB wireless communication module used to contact
BS or PBS at regular intervals, or when prompted by a critically low Oxygen saturation

BS receives the RF signals from the device, processes the data and transmits it to the MC via
telephone modem or by Cellular (GSM/GPRS) Modem.

The SpO; is optional device to the ECG device and both are integrated with the wireless
platform. The third sensor which is integrated in the platform is a Fall detector.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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The Fall detector designed to generate an alarm signal in response to a shock/fall. One more
option integrated by Telismais a speech recognition capability. As a complement to the
sensors data, the local dialog between the system and patient is considered to be an important
information source.

The 3-leads ECG monitor is a persona device, with memory loop and auto triggering
capability, intended for long-term monitoring of cardiac patients.

Thisyields for every event both pre- and post-event ECG recordings, which are later,
transmitted by the UWB transceiver to the MC for analysis by a physician.

2.2 THEORY OF OPERATION —SPO,

The SpO, sensor emits red and infrared light which penetrates the tissue and responds to the
fluctuations caused by the arterial blood pul ses generating the respective signal. The ratio of
the reflected light signals reflects the oxygen saturation of blood. Such factors as steady
venous blood flow, skin thickness, fingernail thickness, etc., do not affect the saturation
reading because they are constant (do not fluctuate).

2.3 THEORY OF OPERATION —ECG

The ECG sensors composed of three electrodes which centralize medical datain the
monitoring unit. The Monitoring unit communicates with the Portable Base Station using
UWB technology.

The Monitoring unit has particular consideration regarding to power consumption, non
volatile memory, upgradeable flash memory, small packaging in order to be worn by the
patient without any constraint

Once started it operates in a memory loop mode continuously detecting and analyzing the
ECG signals, and updating a short portion of the signal in alooping FIFO memory buffer.

The event recording is triggered automatically, by the arrhythmia detection agorithm. When
the deviceistriggered, the contents of the memory buffer are retained along with an
additional post-event recording

The medica data transmitted by the UWB transceiver to the MC for analysis by a physician.
2.4 THEORY OF OPERATION —FALL DETECTOR

The Shock/Fall detection sensor generates an alarm signal when an incident occurs.
The medical data transmitted to the UWB interface in conformance with RS232 protocol

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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25 SPO, MEDICAL MODULE

The SpO, Device main components configuration is displayed in Figure 2.

SPO,device
i Spo, :
i OEM madule Logic & Control |
i Power ;
| Supply |
i_|.___Battery .. h'\"ed'ca"\""d“'e
uwB
Module

Figure 2. SpO, Device Main Components Configuration

The device consists of two main blocks: the medical module and the RF module, in this case
aUWB transceiver.

CG has integrated an OEM SpO, module and developed HW and SW for the event thresholds
and the RF module interface (dotted block, Figure 2), CSEM developed the UWB module.

The device components were selected with regard of the very low power consumption
requirement.

The input to this block is applied from the SpO, finger clip or wrap sensor and the output is a
packet of data via RS232 protocol to the UWB module.

Power supplied to both modules by the same battery pack.

Regarding the division of work between the parties, appropriate coordination of such technical
issues, as modules integration is important. Both partners carefully considered such items as
space, module and enclosure size, power consumption etc.

2.5.1 SpO, Interfacing

The connectivity between the Medical part and the UWB module is based on the RS232
protocol as shown in Figure 3.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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SpO,device

Spo2 | —rso ) L
Module Module

Battery +

Figure 3. SpO, to UWB modules Connectivity

The data transmission rate between the modules is typically 9600bps; the signals required in
the RS232 physical layer are agreed between the parties.

Basically, the signals dedicated to the bi-directional communication are:
TXD Data Transmit
RXD Receive Data
SG  Signa Ground

2.5.2 S0, Device Power Supply

The SpO, device power supply includes a replaceable and rechargeable battery. battery
voltage was determine by CG and CSEM. The battery capacity alowing at least 24 hours of
the device continued operation with nominal number of transmissions.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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2.5.3 Sp02 Device Assembly & Integration
The following Pictures (Figure 4-7) represent the assembly of the SpO2 device.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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2.6 ECG MEDICAL MODULE

The ECG Device main components configuration is displayed in Figure 4.

ECG dewvice
A kdicroCantraller
Cony erter

E Poweer Timinog & I
i g ROk AR !
5 Supply Control !
W ¢ Bafery FME{“C-.ﬂMl}{hIlE

LB

Module

Figure 8. ECG Device Main Components Configuration

The device consists of two main blocks: the medical module and the RF module, in this case
a UWB transceiver.

CG developed the HW and SW low level drivers for the medical module, (dotted block in
figure 2) and CSEM developed the UWB module and TESA added the SW for ECG event
detection algorithm.

The selection of the components took into consideration the specia requirements of that
devicei.e. very low power consumption, non-volatile memory, upgradeable flash memory,
small package components etc.

The inputs to this block are applied from the ECG electrodes (probably 3 electrodes for 1
lead) and the output is a packet of data via RS232 protocol to the UWB module.

The power to both modules supplied by the same battery pack.

Due to the division of work between the parties, appropriate coordination of some technical
issues such as modules integration is important. Both partners considered items like space,
module and enclosure size, power consumption etc., very carefully.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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2.6.1 ECG Interfacing

The connectivity between the Medical part and the UWB module is based on the RS232
protocol as shown in Figure 5.

ECG device
(%)
b ECG
o : uwB
B ! Medical
5 i
u% | Module AR

Battery +

Figure 9. ECG to UWB modules Connectivity

The data transmission rate between the modules is typically 9600bps; the signals required in
the RS232 physical layer were agreed between the parties.

Basically, the signals dedicated to bi-directional communication are:

= TXD Data Transmit
= RXD Receive Data
= SG Signal Ground

Optional RS232 signals (TBD) between the modules are:
= RTS Ready To Send
= CTS Clear To Send
= DSR Data Set Ready
= DTR Data Terminal Ready
The final arrangement and the device configuration design were agreed between the parties.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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2.6.2 ECG Device Power Supply

The ECG device power supply includes areplaceable and rechargeable battery. The battery
voltage was determined by CG and CSEM. The battery capacity alows for at least 24 hours
of the device continued operation with nominal amounts transmissions.

The size and weight were very important factors to consider: it's reduced to minimum, to
accommodate the use by elderly and sick patients.

2.6.3 ECG Device Assembly & Integration
The following Pictures (Figures 10-12) represent the assembly of the ECG device

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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2.7 FALL DETECTOR MEDICAL MODULE

The Fall Detector Device main components configuration is displayed in Figure 6.

Vss

14

- |Reset button

Vss

SS/Fal

13 14
' 12 Flexible @/

|~ | Accelerometer

MOSI/SDA |11 zone (milar)

MISO

=
o

\\\

SCK/SCL

\

— | Processor

RESET

XTAL

Horizontal axis(the wearer in a stand-up position )

Rx

Front
side <«

Tx

RxD

TxD

Vdd

Vss

RINW|(IARlOO|O|N|[0W]| O

Figure 13. Fall Detector Device Main Components Configuration

Pins of the connector : theboard is 83.5mm long, 42 mm wide and 7mm thick. A flexible
part in the central area allows the board to bend around the body shape. The board may be
located in a side pouch in a shirt.

How to use the detector :

- use DC power supply, between Vdd (Plus) and Vss (ground), minimum +2.7 V and
maximum +5 V.

- for better results, fix the detector on the left side of the body in a para-sagittal plane, the
shorter side (containing the accelerometer ) of the board being vertical.

- When afall is detected, the detection signal may be given by 4 different ways : by a sound,
and/or by alogic signal( edge interruption ), and/or by an 12C bus, and/or by a RS232 serial
link .

- To acquit the fall signal, press the button which is near to the accelerometer, or shut down
the power supply.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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2.7.1 Fall Detector Interfacing

Fall detection signal , when afall is declared by the board :
- sound signal : the Buzzer on the board emits a continuous tone.
- logic signal : on the pinl2 (SS/Fal) the level changes from Vss (0 logic), to Vdd (1 logic).

- 12C bus : a message (Adress = 0x16, Data = ‘c’) is emitted on the pin 11 (MOSI/SDA) with
the clock bit on the pin 9 (SCK/SCL).

- RS232 : the « ¢ »character is emitted on the pin TxD (format : 8 bits, 1 start, 1 stop) at arate
of 2400 Bits/second.

2.7.2 Fall Detector Device Power Supply

The Fall Detector device power supply includes a replaceable and rechargeable battery. The
battery voltage was determined by CG and CSEM. The battery capacity allows for at |least 24
hours of the device continued operation with nominal number of transmissions.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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3. SPECIFICATIONS

3.1 SPO, DEVICE (BASED ON NONIN'S DEVICE MODEL 8000AA)
Oxygen Saturation Range 0 to 100%
Pulse Rate Rangel8 to 300 pulses per minute

Measurement Wavelengths  Red - 660 Nanometers
Infrared - 910 Nanometers

Accuracy
(£ 1 Standard Deviation)

70 - 100% =+ 2 digits for adults using Finger Clip sensor

70 - 95% + 3 digits for neonates using neonatal sensor

70 - 100% + 3 digits for adults using Flex or Reflectance sensors
70 - 100% = 4 digits using Ear Clip sensor

Below 70% not specified for all sensors

Rate Accuracy 3% + 1 digit

Power Draw 60 mW - typical operation
Voltage Input 2to6VDC

Output Digital Signals 0 - 5volts (nominal)
Patient |solation >12 MOhm

Leakage Current Not applicable

3.1.1 Operating modes Requirements
The SpO; has the following operating modes:
1. Continues mode — reads and sends data continuously

2. Power Save mode - triggered by saturation value , if it's more than 95% ,no data
transmission. If it'sless than 95% , send data once a minute.

The physicianis able to change it viaMC comm. utility.
Additional event algorithm was developed in WP3 framework.

3.1.2 S0, Sensors

The device has a connector, for SpO, sensors reusable or disposable suitable for finger or toe.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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3.1.3 Mechanical description

This device is made of ABS.

The device is worn on the left arm, the sensor is fixed on the finger end and connected to the
device viaathin cable.

Sze & Weight

The size and weight were very important factors to consider: they reduced to minimum, to
accommodate the use by elderly and sick patients. These parameters were finalized at the
advanced stages by CG,CSEM but the targets are as follows:

L w H

SPO2 BOX DIMENSION: 150 100 55

3.1.4 Testability
Following the development stage, two test procedures were written:

1. Functiona SpO, module tests— by CG

2. Integration and field-test procedure — by CG, CSEM and other related partners.
The tests results were evaluated according the requirements specifications above.

The SpO, module functional tests were done by CG only. CG, CSEM and the other related
partners, done the integration and system tests.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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3.2 ECG DEVICE (GENERAL)

1. deviceisbuild around HITACHI H8S- 2655

2. device has the option of working as one lead ECG monitor.

3. device has the following operation modes:
Loop memory recording
Event recording
Self testing
Programming — by physician for specific patient (reverse path)
In-production testing

4. deviceis equipped with an RS-232 bi-directional communication interface, to

allow connection to the RF module (UWB)
5. Concurrent operation of several sensors is not causing cross interference.

3.2.1 ECG Channel Specification
The parameters of ECG channel are:

Input impedance: 100 MOhm
Input current (max): 0.2 mMA
CMRR: 60 dB
Band width: 0.5-40 Hz
DC offset compensation: + 300 mV
Dynamic range: +5mV
Amplitude Resolution: 10
Sampling rate: 250

3.2.2 ECG Algorithms Requirements
The ECG board includes the basic software for testing
Algorithm was suggested and supplied by TESA within WP3 framework.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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3.2.3 ECG Electrodes
The device has a connector, for 3 (one lead) standard reusable or disposable ECG el ectrodes.

3.2.4 ECG Mechanical description
This device is made of ABS.

The deviceisworn on the chest or below. For the prototypes, the wearing belts were
improvised. The antenna/sis “hidden” inside the enclosure.

Sze & Weight

The size and weight were very important factors to consider: it was reduced to minimum, to
accommodate the use by elderly and sick patients.

These parameters were finalized at the advanced stages by CG, CSEM and Telisma and the
targets are as follows:
L w H

ECG BOX DIMENSION: 150 200 69

3.2.5 ECG Testability
Following the development stage, two test procedures were written:

1. Functional ECG module tests— by CG

2. Integration and field-test procedure — by CG, CSEM and other related partners.
The tests results were evaluated according the requirements specifications above.

The ECG module functional tests were done by CG only. CG, CSEM and the other related
partners, done the integration and system tests as well as the medical/field trials.

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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Schedule and milestones
3.3 SPO,
3.3.1 Schedule and Milestones

The estimated modifications and integration milestones and schedule for the SpO, device are
listed in Table 1.

Table1l. — SpO, Module: Schedule and Milestones

2002 2003
ID Task Name End Duration

Jan | Feb| Mar

Apr |May [Jun | Jul

Oct

Aug

Sep

Nov| Dec| Jan |Feb

Mar

Apr

May'

Jun | Jul

Aug|Sep Oct| Nov|Dec

SpO2 module- spec

definitions and design LDLDALEE | 220 I

Preliminary prototype

2 212812003 | 17.60w P
ready
SW and events generator
3 — 3/31/2003 | 11.20w ]
4 | Test Results of 43012003 | 9.20w O

Pre-prototype

Integratin with UWB

! |

° module and test results 111212003 | 12.60W

5 S_ystem integration and 1212004 | 16.80w .
field tests

3.3.2 Current Status
The definitions and specifications of the SPO2 module were done.
The electrical design of the SPO2 interface with CSEM UWB device was defined.
Five units of the NONIN’s SPO2 sensors were purchased .
The electrical design of SPO2 was done.
The PCB design of the interface was done.
The SPO2 interface board manufacturing and assembly is done .
The SPO2 interface board manufacturing and assembly .
Integration between the HW & SW (1'st System).
Test results of pre-prototypes.
Integration with UWB module.

3.3.3 Tasksfor next quarter

Integration of 2 additional system

URSafe: WP2 — D2- medical Monitoring 12/12/2003
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34 ECG

3.4.1 Schedule and Milestones

The estimated development and integration milestones and schedule for the ECG device are
listed in Table 2..

Table 2. — ECG Module: Schedule and Milestones

2002 2003
ID Task Name End Duration

Feb

Jan Mar Jul Oct

Apr |May | Jun Aug |Sep Nov| Dec| Jan |Feb| Mar | Apr Jul Oct

May| Jun Aug | Sep Nov|Dec

ECG module - Spec
requirments and Design

8/14/2002 | 17.20w ]

2 | Preliminary prototype ready| 12/5/2002 | 17.60w

SW and events generator

3/31/2003 | 20.80w
ready

Test Results of
Pre-prototype

Integratin with UWB

module and test results SISUEIES | 2 60

System integration and
6 | field tests 31/12/2003 16.80w

G
|
4 4/30/2003 | 11.40w I
]
|

3.4.2 Current Status
The definitions and specifications of the ECG module were done.
The electrical design of the ECG was done.
The PCB design of the ECG board was done.
The ECG board manufacturing and assembly was done .
Mechanical design was done.
Integration of ECG board HW with algorithm’s SW is done
Integration of ECG board HW with agorithm’s SW (1’ st system) .
Test Results of pre-prototypes.
Integration with UWB module.

3.4.3 Tasksfor next quarter

Integration of 2 additional systems
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4. ENVIRONMENTAL CONDITIONSAND REGULATORY

The project scope is to introduce a concept of a system rather than a production ready or a
commercia product. Therefore the environmental, regulatory requirements are basic and
limited to the design of prototypes only.

4.1 ENVIRONMENTAL SPECIFICATIONS REQUIREMENT

All Devices were designed to meet the environmental specifications listed in Table 4.
Table 3 — Environmental Requirements

[tem Values Test & Comments

Operating Temperature | 0°Cto +50°C Mil Std 810E 501.3 proc |1, Category
A2, Induced, Modified

Storage Temperature -20°C to +70°C Mil Std 810E 501.3 Proc I, Category
Al & C1, Induced

Transportation Temp. -40°C to +60°C

Humidity 90% RH at 40°C Mil Std 810E 507.3 Proc |11

Functional Shock 10 shocksin each plane (30 total) | Exceeds EIA-152-C

of 20G 11 msec half sine wave

4.2 REGULATORY AND SAFETY
All devices meets the safety and regulatory requirements as follows:
|EC 601-1, CAN C22. 601-1, UL 2601, IEC 601-1-4, |IEC 601-1-2-27
ANSI/AAMI EC 11-1991
Biocompatibility — SO 10 993-1
UL 1637 - TBD

4.3 CONSTRAINTSAND LIMITATIONS

Since the project framework is “proof of the concept feasibility”, the enclosure and the way
of fixing the device will be improvised during the field trials. Also the device will not be fluid
spill resistance and should be RF shielded.
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5. SELF ASSESSMENT OF THE WORK

5.1 EVALUATION OF WP2

5.1.1 Introduction

Card Guard is leading the Work Package 2 (WP2) entitled “Medical monitoring subsystems
with wireless connectivity”.

Card Guard developed the monitoring sensors, which will provide data acquisition,
processing, and interfacing to a wireless module.

The sensors are as follows:
ECG (HR, RR)
SpO,
Fall/Shock detector

In principle, the ECG sensor device captures the patient ECG from patient electrodes,
converts the cardiac signalsin to digital data, process and analyze it in away that allow to
define of ECG events and transmit the relevant date via a wireless system to a Medical Care
Center.

The purpose of that section to ensure that WP2 objectives and goals are thoroughly analyzed
according to critical quality requirements, and implemented in a controlled/monitored way.

The WP Leader is responsible for:

Preparing and maintaining this Work package and Quality Plan, and
submitting it for review and approval by Project Co-ordination Committee
(PCC).

Conducting audits and inspections to assure conference of WP procedures and
deliverables.

Keeping Project Co-ordering Committee (PCC) and Project Technical
Committee (PTC) informed about compliance with the quality plan.
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The following table shows the partners that are involved in WP2:
Table 4 — W2 Partners

Organization | Country | Business Activity/ Main RTD Main Rolein project

Name Mission/ Area of Activity
CsC E Clinic with pilot implementation | Leading the Telemedicine
of Telemedicine Programs specifications, the definition of the
Service and the test bed
implementation
CSEM CH R&D company working for Responsible for the system study,
industry development of event detection and

of data communications modules.
Development of the Ultra Wide
Band Relay Network.

Specialist of portable devices

IET F Institution federating Hospital Contribute to define the scenario that
Structures active in the field of will be used in the context of speech
Telemedicine recognition.
Identify the keywords that will be
recognized.
TAM F Design and implementation of Field Trial and Optimization of the
wireless telemedicine programs U-R-Safe platform and the medical
procedures

Card Guard, in order to assure compliance of the products and services developed to set
specifications and goals per contractual and other implied quality requirements and
documents, maintains a Quality System.

5.2 WORK PLAN
5.2.1 Objectives

Specification, design and prototyping of each of the following:
Mechanical/physical design of the monitor unit worn by the patient.
ECG signal acquisition and conditioning circuitry.

SpO, sensor system.
Analogue Pacemaker pulse detection circuitry.

Multiple event digital storage system.
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5.2.2 Description of work

To specify, design and prototype an ambulatory monitor device, containing an ECG monitor
and a patient shock, equilibrium and activity sensing system. This device must be
unobtrusive, comfortable and mechanically robust, as it will be worn for extended periods of
time by the patient. It must satisfy the requirements of both the clinician and the event
detection software in regards to the quality of the ECG signals, patient motion detection and
the storage of multiple ECG events. In order to be applicable to patients with pacemakers,
pacemaker pulse detection is best accomplished from the analogue signal due to the
extremely high frequency content of pacemaker pulses.

The main challenge was to develop an ECG front end that captures the ECG from patient
electrodes, amplify the signals and by using data process and analysis using sophisticated
algorithms detecting of potential cardiac events (arrhythmia) and transfer it to the UWB
module.

In addition, there is an integration challenge of the UWB module into those devices and
transmitting the cardiac events and other data to the PBS with a minimum errors and retries.

5.2.3 Ddliverables

D2.a: Medical monitoring specifications
ECG monitor device specification.
Patient shock, equilibrium and movement sensor system specification.
SPo2 monitor device design.
D2.b : Medical monitoring prototype
Prototype ambulatory monitoring unit.
Integration of monitor device with signal processing
Integration of monitor device with WLAN (WP7)
D2.c: Prototype of SpO2 sensor

5.2.4 Results

TO + 6 months. Specification and design of an ECG monitor unit.

TO + 6 months: Specification and design of a SpO, sensor system.

TO + 12 months: Merger of ECG monitor and SpO, sensor system designs.

TO + 14 months: Development of an ambulatory monitor prototype.

TO + 14 months: Integration of ambulatory monitor with the signal processing.

TO + 16 months: Full integration of the monitor device into the distributed
Telemonitoring system.
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5.3 RISK MANAGEMENT
The identified risks of WP2 at that present time are as follows:

Due to the size of the UWB module, the physical integration with the medical devices
(mainly in the case of the SpO, and Fall detectors) is not adequate to the device package
size and is inconvenience to the patient.

The power consumption of the medical device (including the UWB) isfinalized and as a
significant effect on the battery size and the operation time.

The Fall detector is still in apreliminary R&D stage and the millstone for that device is
on risk. Moreover, the reliability of that device is under questionable state and should be
verified carefully.

54 QUALITY PLAN OF WP2

5.4.1 Review and Audits

The purpose is to ensure that quality activities and related results comply with planned
arrangements and to determine the effectiveness of the quality system by planning and
implementing internal quality audits.

Every 3 months dissemination actions will be collected and checked against the
dissemination plan. In case of discrepancy, corrective actions will be proposed.

5.4.2 Decison Makers

The Project Technical Committee (PTC) is the decision maker authority for the evaluation of
WP2.

5.4.3 Review Procedures

The WP Manager who is responsible for issuing the invitation for review initiates all reviews.
All reviewers should comment on the document and suggest any corrective actions needed.
Care should be taken to identify any necessary related documents and suitable guidance
should be provided to the reviewers. The response date for comments is defined by the Work
Package Manager when issuing the invitation (usually after 2 weeks).

The WP Manager has the discretion to decide whether a further technical review is necessary
or atechnical meeting in order to decide if the corrective action proposed is suitable and to
approve the document for release.

The Editor of the document should analyze all comments and determine suitable corrective
action. After correcting the document, the Editor should submit the revised document to the
WP Manager for approval or for further technical review.

The WP Manager is responsible for keeping the review records.
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5.4.4 Validation , Test ProceduresPlans

Prior to any release, the hardware and the software must be tested and validated accordingly
to a specific ATP — Acceptance Test Procedure.

The product validation and test plans describe critical test requirements to confirm that the
Medical devices meet expected technical performance requirements.

The quality of such plans has great impact on product development and integration time and
cost. The current product engineering and development methods require physical testing for
product validation. Physical tests are performed on “test properties’. Test property isin our
case a sSimulation device, which is, smulates for instance the ECG signals. The next stage
will be aclinic trails procedures in a way that allow verifying the specification requirements
the devices design to.

5.4.5 Integration of monitoring devices
"

|
|

Figure 14: Meeting at Neuchatel with participation of Card Guard , Tesa ,CSEM.

The picture above represents a " patient” wearing the two sensor boxes designed by Card Guard as
well asthe PBS. The bigger white box contains the ECG unit with the analysis software from Tesa,
the fall detector and the UWB transmitter from CSEM. The smaller one contains the SpO2 el ectronics
aswell asa CSEM UWB transmitter. The unit worn at the belt contains the PBS (including voice
processing unit and GPRS), one UWB receiver (WPAN) and one UWB transceiver (WLAN).

The goal of thisintegration day was to check the good communication between the software of Tesa
in the ECG unit and the radio transmitter software of CSEM in the UWB network, as well as to check
that the correct signals of the sensor were received at the other end of the UWB link after that the
units were put in their boxes.

We managed to have a working communication over the UWB WPAN and we were able to display
the corresponding sensor signals (ECG, SpO2, fal). So the sensor network is now integrated and
working. The 433MHz back link has also been tested.
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The next step is the integration of the Teletel software in the PBS. CSEM received it to complete this
task. After that we should have a fully working system in outdoor configuration. Thiswill then be
followed by tests in indoor mode (WLAN) with the Gateway from Alcatel.

The only real problem experienced was that none of the 3 partners present in Neuchated really know
how to check if the fall detector isrealy working.

We know how to connect it eectrically, but it is still unclear if it is mounted properly in the box and
how we could smulate afall to test it.

5.4.6 Definition of success

The success for WP2 will be considered as follows:

Successful functionality of the sensors to detect events on time with at least possible
fal se detection.

Successful functionality of the interfacing between the medical device and the UWB
module.

Achieving Fall sensor with high reliability and durability

Design the enclosure/housing of the devices as such which will ensure easy and
comfort to the patient to carry it on his body.

To meet the time schedules, cost, size ,budgetary of the project

5.4.7 Problems Reporting And Corrective Actions

The purpose is to ensure that in case of problem the corrective actions and improvements are
achieved efficiently.

An e-mail aert should be sent to the involved partners and the project coordinator anytime a
problem is identified.

Hence, series of measures shall be carried out in line with the importance of the problem.
Caseisnot "Closed" until the matter has been entirely closed and/or the corrective/
preventive actions have been verified as being effective.

5.4.8 Tools, Techniques and methodologies

No special tools, techniques and methodologies are required for Quality Assurance in the
specific WP. The WP will follow al the tools, techniques and methodologies that have been
decided in the kick-off meeting.

5.4.9 Configuration And Version Control

The purpose is to ensure that only properly approved documents, media and code of the
correct issue are available for use,
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All documents prepared in the WP will be assigned a URSAFE and WP9 identifier and a
version number, they will be assigned a status of “Draft”, “Pre-Final” or “Final”. Each
partner organization shall maintain aregister of the documents created, with version number,
date, status and confidentiality.

Changes to released documents shall be initiated and controlled using the Problem Reporting
and Corrective Action procedure. A history section at the beginning of the documents will
trace the different changes.

The WP leader is responsible to backup al the deliveries and related material.
5.4.10Supplier Control

Supplemental requirements may be specified for al or part of the work scope as

determined to be appropriate by the supplier. The subcontractor/supplier

shall implement the requirements of this QAP and all supplemental requirements, when and
as specified by the subcontract or purchase order.

5.4.11 Release Procedure
“Final” items were documented when released. to be ensure against loss, a copy of the item is

kept as a backup by the WP manager.
5.4.12 Records Control

Archived copies of all released items and associated release notes shall be held by the WP
Manager.

Review records shall be retained by the editor of the respective document. They shall include
also information about personnel involved, determined actions, corrective (if applicable)
actions, etc.

Records of problems with released items and subsequent corrective action shall be held by
the WP Manager.
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