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Server

Java data MySQL
acquisition Database

Tracking/Monitoring

WSN Mote 802.15.4 mesh network Device

(Base
Station) "{A";’:
PHP Web
Application \
Interface Heart rate
LAN Hardware [~ monitor
receiver
Monitoring Station Shock
(desktop cgomputer) coded short SCHSDES
Heart rate range wireles:
monitor
User Interface
(web browser) chest strap Vibration Power
Sensor source
(battery)
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IPFW
System Design - Hardware?‘?

» Daughter Board
Hardware
e Heart rate Monitor
* Shock Sensor
* Vibration Sensor

* Panic button with
Light sensor LED
(fiber optics lighting)

* Enclosure Design

13

Heart Rate Monitor

e Polar - RMCMO01

* Low power
consumption

» Tested before/after -
daughter board | Display device or console

e Consistent heart
rate response with
transceiver belt
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APPLICATIONS
o Pulse Stretcher for SQ-SHK

HIGHLIGHTS
v Low power (1.1uA ar rest with 3.3V power supply)
= Components cost ~ $0.03 at 10K volume

series

e Sensors u
voltage divide
trigger mosfet p——
into RC circuit to o S

V=33V L]
stretch signal u=se + 1]
A . vy |
Q=1F E 1 ”—n
Q1=2X7000 (THROUGH L7 [~ ]
HOLE) OR 2N7002 (SMT) 00 04 D8 12 18 20 24 28 32 38 40 44 48 82
Time [sec]
g

From: SignalQuest.com
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* Low volt
threshold n
to alert
microprocessor

SQ-SEN-200

D

From: SignalQuest.com
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will sample
20 times per
second

From: alps.com
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current

llluminates
button to aid
patient in a dark
setting

Mw
+

Radio + SMA connector pad

Peripheral connector port Temp/RH + 2 light sensors USETnnoclnr
From: Sentilla.com

Microprocesso
activate LED is light
level goes below
threshold
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Enclosure Design and

Fabrication
Constructed from
.08” thick acrylic

USB port added for
product stability

.2” padding added to
bottom and sides for
product protection

ACE wristband used
for comfort (Velcro)

Development System

Software Platform: TinyOS 2.1
Programming Language: nesC

24
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Development System

Command line programming tools
* Unix emulation on Windows using Cygwin

43@ objcopy —ohjdunp lﬂ3‘p4jﬂ ohidunp ——target ihex
0s ma in A

o=l - ) I
ins alhnq fP}o h hinary using |

v Lo dor Vonaions

sion: 1.61 <(Device ID: fl6c> |

rm —f h\\llﬁ./tel sh/main.exe.out-1 huild/telosh/main.ihex.out-1
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System Design - Software

» Top level software components and
connections

WirelessMonitorC

ClockioC

oot SplitControl _~AMSend /Receive \Timer<TMilli> "~ Read<uint16_t> "~ Leds GenerallO
T
MainC ActivelMessageC 11 AMSenderC ;' 1 AMRecewerC . LedsC
n_ _ _ _ __ . "
Legend:
[ Singleton Generic
T = o
Module ! Virwalize TimerC |
1
T —m—m—p==
r==== =
. l TimerMilliC |
Configuration MainC | o |
L (Time0) )
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* Shoc
* Vibration
* Light
e Temperature
* Battery voltage
* Call button
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* Daughter
» Daughter bo TMote
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Vibration Sensor Circuit

* Tested after
daughter board
construction was
complete

e Sensor output
behaved exactly as
planned

» Disturbance enough
to alert TMote

Tek

Ny MEASURE

Daughter board output

13-Mar—03 06:12

After Assembly on TMote ”

Shock Sensor Circuit

» Tested with Pspice
prior to fabrication

* TMote signal output
match circuit board
waveform

» Pulse stretcher
allows plenty of time
to trigger alarm

Tek

MEASURE

Tested without TMote

M S00ms
13-Mar—03 06:15

After Assembly on TMote "
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Heart Rate Output

Tek A=

* Heart rate output
o JRUINTRIRIS
BPM ‘ Before Assembly ;

* Reception limits e
of 80 cm tested in
all three axis

» Signal extremely
consistent within
80 cm limit

After Assembly on TMote

* Tested in sealed
enclosure with
120 Lumen flash
light

* Received well
defined response
easily detected by
microcontroller to
switch LED

12/3/2012
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» Height 1.60”
« Width 1.35”
» Fiber optics applied
after board assembly

Input/

Conne

E.

Sensor Type Function
Shock analog sensor in ~ ADC1
Vibration analog sensor in
Heart Rate  analog sensor in
digital clock ADC3
digital reset GIo3
Call Momentary PB in
Button digital (NO) Userlnt
LED analog DAC out ADC6 ‘

Expans

Analog Input 6 (ADCG)
DACI

Exclusive Digital I/O 2 (GI02)
Timer A Capture (TA1)

User Interrupt (Userlnt)

Analog VCC (AVee)
Analog Input 0 (ADCO)

Analog Input 1 (ADC1)

Analog Input 2 (ADC2)
Exclusive Digital /O 1 (GIO1)

Analog Ground (Gnd)

[nle]
®
®

=

]
®
®
©
©®

OO @@@

Analog Input 7 (ADCT)
DAC 1/8VSin

Exclusive Digital /O 3 (GIO3)
External DMA Trigger (DMAEQ)

Reset

UART Receive (UARTORX)

UART Transmit (UARTOTX)

12C Clock (I12C_SCL)
Shared Digital /O 4 (G104)

12C Data (12C_SDA)
Shared Digital /O 5 (GIO5)

Analog Input 3 (ADC3)
Exclusive Digital I/O 0 (GIO0)
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System Integration and Testing -
Software

* Embedded software developed to
capture sensor data

» Seen in examples throughout the hardware
section

37

System Integration and Testing -
Software

* Temperature sensor
Temp.. =-39.3+0.018- rawdata

» Sensirion SHT11 max observed temp = —39.3+0.018-8400 =111.9°F

i dit ==3 0.018-5250 =55.2°F
« Extreme values of 1118 E&ia B 2L

IPEW

~
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IPFW

Alerts are thrown as pop-up.
Displayed data is verified again
MySQL Administration Client used

Data [Vibration
[Isch, Logan[87.366| OF |Delete Dara
Isch, Logan[$7.348| OF [Delete Data
Isch, Logan[87366| OF [Delete Data
Isch, Logan[87.348| OF [Delete Data
Isch, Logan[§7.366| OF [Delete Data
Isch, Logan[$7.348| OF |Delete Data
Isch, Logan[§7348| OF [Delete Data
Isch, Logan[87.366| OF |Delete Data
[Isch, Logan[87.348| OF  [Delete Data
Isch, chan_ 8733 Off |Delete Data
[Isch, Logan[$7366] Of [Delete Data
Isch, Logan 87384 OF |Delete Data
Isch, Logan[§7348| OF [Delete Data
Isch, Logan[§7.348| OF [Delete Data
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* Mark Lange
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