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Motivation

Hospital miscommunication and errors
2,000 lives and $1.7 billion, Up to 80% of
serious medical errors due to
miscommunication while transferring
patients (Source: Joint Commission)

Patients being confused for other patients

Patients being sent to wrong areas of
the hospital

Worst case scenario, patients having
wrongful surgeries

Preventable medical error now
ranks as the 4th leading cause of
deathin the U.S.A.
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Solution
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® The use of modern integrated circuits to
provide a cost-effective way to reduce cases
of human error

® ldentify patients wirelessly

® Track patient within hospital

® Monitor heart rate
® Provide emergency response system \ ‘

® Battery powered, wrist-worn device




Engineering Specifications
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® 100x100 mm”2 PCB Area
® Weigh less than 300 grams

® 5 hour Battery Life

® Within gm Location Accuracy .
of the patient ‘

® Cost less than $250




Block Diagram

Android Computer
Peripherals Device D
Wireless ! .,
Comm. P~ : /'\Q
D Display ®
Power Line <«———
RFID e - WIFI
Control Line «-———
A
Patient
. Heart
Buttons

Analog
Rate |«—— Front <
Sensor End

3.7V

5V




Peripherals MCU
Wireless Power
Comm. Supply

Power Line «—

Control Line «——

Patient

Power Supply

Android
Device

p. -3

LA
N
®

RFID

A

Heart
Rate
Sensor

Battery

Analog
Front
End

33V
[Regulator

|

Computer
i
=
Display ®
— WIFI
A
Y |
MCU »| Buttons
S8V IRe3.3Ia\lItor
[Regulator gu
A

A

3.7V




Voltage Regulators
TPS563036

Includes:
® Power save mode Output voltage 1.2V - 5.5V
o
Ove rter_nperature Size 1.854 mm x 1.076 mm
protectlon
Cost $1.71

® Very compact

INSTRUMENTS



Voltage Regulators TPS63036 Schematic

3.7V to 3.3V 3.7V to gV
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Battery
EBL 18650 3.7V Li-ion

EBL 18650 3.7V
. . LI-I
Ma||||YIOrteSt|||g S

purposes Capacity 3000 mAh
® Overkill, more mAh
Size 3X 1.6 x1.8 inches
than necessary
® Will be replaced Cost ——

with smaller
batte ry Life 1200 recharges




Battery and Charging

TP4os6 Lithium Battery Charger and
Protection Module, $1.25

® TP4056
® CC/CV charging method
® Temperature protection
® Status LEDs

® Programable Charge
Current, 1A

® DWo1A
¢ OCP, 4.3V +/- somV
® ODP, 2.4V +/-100mV
¢ OIP, 150
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Communication Protocols

° I2C

v 2 Wires, Simple

X Limited Addresses NFC 12C

X SIOWEI', PUH-Up Resistors WIFI I>C or SPI
® SPI

Analog Front End SPI
4 Unlimited Devices, Fast
Display 4 Pin Communication

X Enable pin per device; more I/O
pins required



Main Requirements

Low Power
GPIO

Serial
Communications

Helpful IDE, CCS

Community

Microcontroller
MSP430FR4133

Current
Idle Mode
Low Power
Size

GPIO

Cost

Comm. Ports

Memory

0.5mA

0.77U

8ouA
12.2x12.2mmA2
60

$1.21

1x12C, 1xSPI

16KB

1.4mA
2.1UA

2.1UA

gxgmm”2

27

5 (Bl I3 TEXAS
INSTRUMENTS

2x12C, 2xSPI

32KB
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Microcontroller Sch
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Microcontroller Schematic
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Microcontroller Schematic
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NHD-Co0216AZ-FSW-GBW

Main Requirements
® Small Size
® Use Few GPIO

® Adjustable
Backlight

Logic Level Shifter

LCD Display

Characters
Resolution
Display
Total Size
GPIO

Cost

Logic

16x2

5X10 pixels
49.4X12.3mMmA2
54.6x25.3mmA2
4or8

$10.11

5V

Fleaze Enter FIH |
Below

NEWHAVEN DISPLAY

Shifte <
{LL': ::.::-| !
:_ BV Logic
C— li z



Microcontroller Schematic
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Emergency Response

® Two Buttons, Long

Press _:.E
® Turn on alarm and —4 o
I — | ) o Tamm—

® Sends distress signal

vibration motor uzert R 3
7 1
I;—fwwj

2
and location to Rie s
T = LW a5
b s
® Activate Constant Srowammed |

Wifi Tracking

YVibration Motor

L2
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WIFI

® Indoor Localization

® Communicate Data to Computer



Indoor Localization

® Trilateration

® RSSI (Received Signal
Strength Ind.)

® RSSI = 20log(d) +
20log(f) — 27.55

® Atleast 3 distinct AP’s
signals

® Physical locations of APs
used

® Real Time location



Indoor Localization

@) |

® Finger Printing e ] [T e

Q4

® Pre-recorded RSSI

map

® Incoming RSSI data

compared to map

® “"Closest data point”

chosen

“ Access points @ D-fingerprints’ physical locations

> Part boundary » C-fingerprints” estimated locations



Data Communication

® Data sent over LAN to computer

® Computer will be responsible for:

¢ Data Storage

® Data processing (Localization)



WIFI Chip
ESP32

rr

Current (mA) 0.8to31mA 0.710 (DTIM 1) 2o
® Two main (LP Mode) 240,100 (Tx, RX) 286, 74 (Tx, Rx) 4
requirements: Size (mm?)  25.50x18 20.5 X 25.50 :
® Integrated antenna .-
==
* Good development Cost $3.80 (mod.) $11.69 (mod.) %t
$10.00 (dev) $ 59.99 (dev) =
support oi
® ESP32 was chosen  Technology = BLE&BT 4.2 N/A

ESPRESSIF



WIFI Schematic
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WIFI Schematic
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WIFI Schematic
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WIFI Schematic
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WIFI Schematic

VECe,
10u

e

ot

MTMS
MTDI

MTCK
MTDO

UART DOWNLOAD

N

-

JTAG

HiG |ERSESELA ESP-WROOM-32 T
1 .
c3 1 38
0.1u ol SHD GND I35 23
"“ | 1045 3 EE?* %g%g 6 ()
SENSOR_VP TXD
' : N®ISENSOR_VP  TXDO B2 =
0T 4 SENSOR_VN RXDO |53 077
o0 = 1034 1021 [55
072 g [035 NCRT—X 1019
1033 o [032 1019 35 1013
s T 1033 1018 |55 103
1076 11|1025 105 g 1017
1027 17| 1026 1017155 1016
1014 104 o0
— 41012 100 {22
gﬂwmgxcﬂﬂw
[ [
':.DEU’]U’]UdU’]U‘JEE
[T U= I8 = =L = B I g bea
b b B B o [ I [ T I
R2
1 100R JI| 2#‘IfﬁEM¢;‘-'—|ﬂ(\.l
EEmmn A SERCERRRE
EE—
3—_/'-.‘){5\_,_
4 AR
R5
100R

1 2 ||.
e i

12

BOOT OPTION



NFC Chip

® Quick wireless Patient Identification

® NFC will identify which patient it is, then access their medical information
over WIFI on the android device

« ° Not secure enough according to HIPPA (Health Insurance Portability and
\ @ Accountability Act)




Includes:

® Direct Connectto
MSP430

® Close range for
pickup

® Read and write
® 3KB of SRAM

® Very Compact

NFC

RF430CL330H
Current 2 mA
Size 5 MM X 4.4 MM
Cost $1.16
Serial Com |12C or SPI
Frequency 13.56 MHz

INSTRUMENTS



Antenna design

® The closer to 13.56MHz, the better the pick up range for android device

® Created our own antenna for testing by using formula Lo~ N (E) . (m ( 'I”) _2)
’ 2 €
MIN NOM MAX UNIT
fe Carrier frequency 13.56 MHz
VanT sear  Antenna input voltage 3.6 W
Z Impedance of LC circuit 6.5 15.5 kO )
Lees Coil inductance'” 266 pH _
CrEs Total resonance capacitance' Crags = G+t Crune 51.8 pF
Crune External resonance capacitance EET:E:E pF
QT Tank quality factor 30
Cimg Input capacitance ANTY o ANTZ2, 2V RMS 31.5 35 8.5 pF
i .'
A i ‘E WL
- S| ANT1 fRES = 1/ [2m(LRESCRES) 1/2] =
= L3 ——Ca5h 2] ANT2 1/ [2n(LRES(CIN + CTune))1/2] = fc
& 2.8 uH 150R RST
" a -
. |-|_ E L,




NFC Schematic
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NFC Schematic
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Pulse Oximetry

LED

Measures SpO, blood oxygen
saturation using a LED and
Photodiode

SpO, calculated as a ratio of

oxidized hemoglobin to deoxy- PD

hemoglobin - [T ~
SpO, =HbO2/(Hb + HbO?2) )
Hb absorbs more and reflects || v | pegggpno

less visible light (600-750 nm) i s e e e W e e (TR

HbO2 absorbs more and
reflects less infrared light /
(800-1000 NM)

Nellcor DS-100




Integrated Analog Front End

exas Instruments AFE4 400

Y§

Y Y °vYYy

RED

AmMb(RED) ————

—b

AFE SPI
IR —_—
AMb(IR) ————— ]
A A
Timing Controller -
Y
LEDDRIVER | - éi?tr(c:n DAC -
TX
Cost Size Current
$2.50 6X6mmA2 | 100UA

-

MSP430

I

TEXAS

INSTRUMENTS

; IA RED PULSATION
SIGNAL

IAIR PULSATION
’ SIGNAL




Texas Instruments
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AFE Schematic
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AFE Schematic

[n]

c13 Y1 c12
18pF SMHz 18pF R¥X_ANA_SUP
Il e M. Il
10 L 10
C11
= L | 0.1uF
VCM_SHIELD 0 ]—?
0
U3
AFE4400 a5
HOW-T-F $ NP RX_ANA_SUP-22 AMNN—]
RX_ANA_GND XIN
}’%‘A AFE g VCH XOUT gg
NC RX_ANA_GND
Eg 1300 g NE NC 3‘5‘ Egéw;iﬂ.ﬁ
VWL Hes NCf-24
VEG gvss RX_ANA_SUP(-22
TX_REF RX_DIG _GND
| RN 200 10 ¢ RYX_DIG_SUPF3L— _ o
C5 5 T¥_CTRL_SUF CLKOUT 55 AFE_CLHOUT
22 12| ED_DRV_GND RESET(22 F=_RESETZ
P1 — CBANIIN Ca LED_DRV_GND ADC_RDY ADC_RDY
— 0.01 2o -+ L SPISTE( 2 STE
5 T L2 {rxp SPISIMO|-22 =mo
3 = 1841ED_DRV_GND  SPISOMI|-2 som
el 1211 ED"DRV_SUP scLki-&3 0%
oot R26 18LED_DRV_SUP  PD_ALMI-22 FO_ALM
@9'-;'— IMP. RX_DIG_GND _LED_ALM|-22 LED ALM
—3 AFE_PDN DIAG_END DI&G_END
L1 e LED_DR
oet-o— i T D4
3
o—i1 BAN9OW-T-F -
AFE_PDNZ
—— Y,
R27
IME o =10 R29
- prymy ppn 0.1uF 10kQ
D5| i ==
BANGOW-7-F ¥ J 3.3V
o ==C8 =0
0.1pF TuF




AFE Schematic
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AFE Schematic
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AFE Schematic
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AFE Schematic
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Overall Schematic
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Cost Table

Micro USB-B 5P-Female-
MSP-EXP430FR413 $  14.490 1N4448 $ 0.0167 SMT_C40940 $ 0.1099
AFE4400 Breakout Board $ 12.990 Crystal S 0.0959 MSP430FR4133IPMR S 2.8200
PA0033 (NFC Breakout
Board) S 3.6900 AFE4400 S 2.5000 PCB $20.0000
AFE4400SPO2EVM S 149.00 Battery2200mAh S 3.0000 RF430CL330HCPWR S 1.2900
BOOSTXL-SENSHUB $ 49.990 BAVO9W-7-F S 0.0696 SMD Capacitors S 2.3940
SR 220N et Buzzer $ 0.1793  SMD Inductor $ 9.0000
MOSFET S 3.1400
DWO1A S 0.0227 SMD Resistor S 9.3545
AFE4400 Breakout Board S 12.990
o ESP-WROOM-32 S 3.8000 Thermistor NTC S 0.1037
Shipping S 30.000
Finger Probe S 20.0000 TP4056 S 0.2452
Total S 276.00
FS8205A S 0.2334 TPS63036 S 3.3400
Saved by Tl LAB S 215.12
NHD-C0216AZ-FSW-GBW S 10.1100 Vibration Motor S 1.2000
Total S 61.17
LEDs S 0.0924 Case 3D Print S 0.00




Division of Labor

e Tf?” m
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Carter
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Josue Ortiz S P S

P - Primary
S - Secondary



Difficulties and Obstacles

1. Connection to UCF WIFI networks

2. Inexperience with Server Applications
3. Android App

y. Very Small, SMD components
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Extended Goals

. Advanced GUI Phone App to Read and

Write NFC

. Encryption of Patient-ID, for NFC
. OLED display for patient Info
. Water Proof/Sterile

. Reduce Size to <50X50 mm~2 i



Progress

RESEARCH 80%

PROTOYPING

TESTING

DESIGN




Questions?




