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This project proposes an App application for remote
home care of indoor positioning, guidance and
monitoring by smart phone, it integrates RFID-based
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accelerometers and rate gyros with the smart phone,
such that one can not only apply it for remote home
care of indoor positioning and guidance, but be
monitored via RFID reader or the web network. The
goal of this design is to apply Android operating
system and Eclipse platform to embed the App
application program on a smart phone. By using an
nRF9ES RFID module to transmit the accelerations and
angular turning rates embedded on the person to a
RFID receiver and then this monitor station can
derive the person’ s coordinates and orientations to
be monitored. Besides, the monitor station can uplink
these data to a wireless page to provide the position
and guidance information to the mobile phone user. On
the other hand, the other people can also monitor the
person’ s motion status on the web, if there is any
emergency problem such as falling down, and then they
can take proper actions right away to support the
person under help and monitoring.

nRFI9ES, Android, indoor positioning, remote home care
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Abstracted

This project proposes an App application for remote home care of indoor positioning, guidance and
monitoring by smart phone, it integrates RFID-based accelerometers and rate gyros with the smart phone,
such that one can not only apply it for remote home care of indoor positioning and guidance, but be monitored
via RFID reader or the web network. The goal of this design is to apply Android operating system and Eclipse
platform to embed the App application program on a smart phone. By using an nRFOE5 RFID module to
transmit the accelerations and angular turning rates embedded on the person to a RFID receiver and then this
monitor station can derive the person’s coordinates and orientations to be monitored. Besides, the monitor
station can uplink these data to a wireless page to provide the position and guidance information to the mobile
phone user. On the other hand, the other people can also monitor the person’s motion status on the web, if
there is any emergency problem such as falling down, and then they can take proper actions right away to

support the person under help and monitoring.

Keywords : nRF9ES5, Android, indoor positioning, remote home care
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—— — Runtime
HRER SQLite G R)

TOPMGLIES” | Erechype | edknm | EATRESRE

Linux Kernel (Linux )
e 320 A0 EFXES USB3& $

WiFi BE#) & SRt THRER
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1. Linux 3~ (Linux Kernel)

Android i& {7 7 linux kernel 2.6 - + » e § 3= linux f % GNU 2 2.9 g eh3f A a7 Bk » 358k &

Android 4250 ¥ 00 * 2t ¥ B eho Linux PP A Bk 2 B o o k0 4oR) 3-7 o

LINUX KERNEL
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Driver Driver Driver Driver

Kypad WiFi Audio Power
Driver Driver Drivers Management

® 3-7 Linux Kernel(Linux %) o
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2. ¥ 4 #c#(libraries & Android runtime)

P e 35 %A 1 O3 Bk (Libraries) fr#4 7 & (Android Runtime) > S0 sV R K & 35 o
SurfaceManager %7 & sig R > § 4 2D & 3D p 7 A or 3 ¥ % 5 Media Framework 448 & > § #
AER o LIS B foF sl e 4% 5 SQlite FALE - B LA < 3 B g r 5B TS
FHE 5 WebKit /i 7 R 315 % > 4o 3-8

LIBRARIES
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B 3-8 3% E & (Libraries)
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A FiT o3RG - BHT A L hDalvik iR R oo BV GR AR GEFET LETRL o AR
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ANDROID
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Dalvik Virtual
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3. B&* 423" % #(Application Framework)

Epoax TR LIE (Views) ¥ % ki r 4228 v & 45 (lists) 0 43 (grids)
> H. (textboxes) > &4 ( buttons)» ¥ 4t » iweb Jifi % o % & 3 (Content Providers) i
ER AT UPEY - BRY AN DT (e B A FTHRE ) *—'ﬂ'z.t FviEp e hE e FiRE
@ % (Resource Manager) #% i=2E5 8 F iR B > 43 B o B30 {eiw A 4% ( layoutfiles ) o
i s 12 % (Notification Manager) @& B A28 F M Ak 7@ Bom pmender Tl o Bhf
2% ( Activity Manager) * kIt A S H IR EF  hFESEE R Ay 0 4o B 311 -

APPLICATION FRAMEWORK

Activity Windows Content View
Manager Manager Providers System
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Manager Manager Manager Manager Manager

B 3-11 Android /% 5ol * 4258 & % 3 (Applications) -
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Android kst g p B - £ EEEN e 4 email * 2 x4 > SMS i AR PR H B T
Bood A FIARNE o A kT AR AER * JAVA 3 SR 4] 4o 312

APPLICATIONS

Home Contacts Phone Browser
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Ko i ASUSNexus7 w proo T 5 @ % (v 5 ALARZR & T 5+ il 2 fedo ] 313 2 4 31 -
ASUS Nexus 7 £_4 # 541§ 52 Google £ o & (e#ifi 5 N ch7 vd T4 T o5 B £ R 437~ &
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pEElitl | 16 GB
A e B Wi-Fi (802.11b/g/n)
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3.6 Android #¥ 45 5
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BTRE L« FUgE { ATRATORE R R A o
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3.6.1 Android #c%g B % % # (Software Development Kit, SDK)

Android SDK ( Software Development Kit, SDK) » — 4§ — #- 4t it 1 4257 * 30 5 B anifl e
TR AT L s TE AR E 2 R OB F I Ll S v F R A FH DL R RAENGE
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\\\?{r

FTHEFABENLE & .
ﬁ%lﬁ”iﬁﬁﬁﬁ@%%”ﬂﬁ@ﬁﬁﬂﬁéoéﬁ&%W%%@wggaﬁﬁgﬁ’g
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W45 o @ GPL i ¢ SDK 225 4 -8B 5 157 4 49 % o LGPL = 1 SDK Rli2 § iz 1 K 42 - Android
SDK #i#: B9 4 ¢ 50 (P2 k% S8 ~ Jp7 # 152 BT SR ERHF 2 B2 P61
B3 ¥ & Android s T 5 F 52 R R[6] -

3.6.2 Java B & & i (Java Development Kit , JDK)

Java B 3 1 2 ¢ (Java Development Kit , JDK) &_Sun = @ -4+ Java B3 X R & F0d 3 5cd B %
% 2 (SDK - Software development kit) = p & Java & 3112 % » JDK & 5= 5 & * & B £+ JavaSDK - ¢
DK - R R [ ORFT R 0 A LR R[] .

B 2006 £ Sun 2 2 7 F 5 7 A GPL Rk en® R JDK > ¢ JDK % L d dcRE o A 0
SRS o Sun 2 P &8 A T GPL Fakeh Open JDK 4 74 < IDK © if ¢ 42 % § e JRE(Java
Runtime Environment) > Java 34 {7 &3 > » A5 privateruntimee ¢ 457 * 32 3 R BEDE AT HER
g e A#uE s R rtjar > A2 LEF AR Y Gut AR o oML A L ulE S IDL RS E o
DK @ B & 35 £ B4 5B > % B 7 JavaAPl # chg 384 [7] -

3.6.3 Android F¥ % 1 & (Android Development Tools, ADT)

ADT(Android Development Tools) #_# & Android #3 7 B 2 iﬁ A Eclipse 2. & /gen/ic 1 & 5 2R
"ic Fqds %+t Eclipse 22 = Android i * 4258 & % - ¥ ® & Eclipse #2 Android SDK ¥ it i & % ek
G ARG E R 1
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3.7 Eclipse(Android % %)

Eclipse #.4~ £.d IBM = & B % 05 (7 ¥ #0488 Visual Age for Java «»™ - % IDE B 2 % 5 > 2001
£ 11 T;U‘k CREAT AT AT d 22 a5 kT B E Eclipse & £ ¢ (Eclipse Foundation )
¥ J2 > Eclipse 48 75 #R4cB] 3-14 > S A F 4o T o

(1) 2003 & - Eclipse 3.0 :¥ # OSGi JRA%T 52345 5 4 (7 PFJE 4 -
(2) 2007 #6 " > F£ T4 33 % (7

(3) 2008 & 6 * # {7~ B 5 Ganymede 57 3.4 % ;

(4) 2009 & 6 7 3 (= 35 % Galileo 3.5 % ;

(5) 2010 & 6 ' % (= 35 % Helios 513.6 % ;

(6) 2011 # 6 * % 7 %L % Indigo 0 3.7 i ;

(7) 2012 & 6 * % {7 85 % Juno 4.2 %K ; [9]

J%_2006 # 4= > Eclipse £ £ ¢ & # AF’K € €3¢ (simultaneous release) o I 5 v B # F A
A6 R {ATEAEBRAE 3-2[9]

@ 3-14 Eclipse #t 8 #2275 & F 30 o

% 3-2 Eclipse { # T A& R

BAREL [T LR A |ARRAFEPY |SRIFHFP Y SR2 %tz p
Callisto 3.2 2006 # 6 * 26 F |N/A N/A

Europa 3.3 2007 # 6 7 27 p (2007 =9 * 28 p (2008 & 2 * 29 p
Ganymede (3.4 2008 # 6 " 25 p (2008 # 9 * 24 p (2009 & 2 * 25 p
Galileo 3.5 2009 # 67 24 p (2009 % 9 * 25p (2010 % 2 * 26 P
Helios 3.6 2000 # 6 * 23 p |2010# 9% 24 p |2011# 2% 25 ¢
Indigo 3.7 2011 # 6% 22p (2011 # 9% 23 p (2012 % 2 " 24 p
Juno 4.2 2012 # 6% 27 p (2012 % 9% 28 p (2013 & 2% 22 P
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3.7.1 Eclipse 7 #

Eclipse «hE % 4 & 2B # i 4 £ 4o@ 3-15 ¢
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(2) Editor 4LB : § FH -1 FRM > FERAESB R he o

(3) Console 4] @ &7 & 453~ W BiR -
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B 3-15 Eclipse e % i & 225 8
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EAE | SN

m

16



Android H-# BAeF 07 b 2 R

1)
)
(3)
(4)
(®)
(6)
(7)
(8)
(9)

*

*

*

*

Ao F B AT

£ USB i

S 32 AR S ARLAE 3 5

L A~ () ¢ e LD (E %)
AR D

T F i

;;ﬁm?ﬂfgr’ﬁﬂ J\}Afr\{/f'/‘u \,-t«

i bs i laide dinds daidai fa

A IV P ~“—‘("7 == 5

T P PR PR PO O PO Y

Bl 3-16 Android fir#t %

3.9 Android % &7 #
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S1C {7 M # Java f:0 R &
gen R AHAL T K¥RA Rjava
-\udu . 4; it Android SDX 5T W} 638 %)
assets 15 3R & & 0 s ey oh 81 T
res GFRNERE
drawable HREn - B SRR
layou 7 8 Irdo 10T v XML i
values 7 QLI o) XML

B 3-17 Android & % 2 #

src TRl & 1 g At E A hi  JAVA AR AR o Y AR he R AR AR R Rt
BN o H R TR AR EL AR R TR RN B LR PR R R o BN
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5. layou FAL & @ % FAamis o a idRihd I XMLENe& 76 ~ 2/l -
6. values FHl & 3 F a8 2 XML FREFTRTRL  4oF P~ N

/,;_
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3.10 Android &* #&3: 4 & K

Android J&* #2358 A 8 4w o Fd 3F F Ror i (View)fokg o+ it 7 B(View Group)#rie= > &
AR Ed - B S BRY 4G (Activity) e o — B Activity § 3 - BAPH R SET £ o Android &
AN E e A xml Nk A o Eclipes BERB S 2 - B & PV L AR Zen'res/layou” P& T
Z o Fh mainxmle 32 i & B * AT A A 5 mainxml ~ page2.xml ~ mxml e 3w i 4 5 Ao
T

main.xml 5 2 A28 endi o F A B

- A 24 mainxml £_* 42358 e
BAT G adh o B RS EG 6 6k

Eclipes ® = = 7% % p* fih TE
( > i AR eE e
Py 4 H 2

Absolute Layou) ERERE =
}?7

svig TextView #% ~ ImageView 422 Button ~ i » #] i 5 AT pr A #ﬂarrﬁ‘] 3-18 5 % = Bl4r
B 3-19[11] -
Absolute Layout “ ImageView ‘ B5
tRNMEFA
Button ®éa
L1 TextView | #ri8xXF

B 3-18 main.xml 4 & i & ?:H;é
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Page2.xml % % = /i@ & &A% > 4ol mainxml #5- #% > :F* F & /i & & k& (Absolute Layou) 7 i &
S\

T Al AP 4o r — B TextView #4275 i Button =~ i2 & 2% Fl4c®] 3-20 0 H 1 Bl4c R 3-21

BOORISEGE ERIEAE

Iw-m

B 3-20 page2xml A& F B AT H @
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- Button Yedn t HE KM
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-~ Button eda © LA
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®] 3-21 page2.xml /i & & & 7% 4
mxml2%=4awhfh "Ee s mh(LinearLayou) 2 2 &35 > asgda iemhp Lo B

Lh A LT RSER > B BEFAG Fher S BBUtton e K- BEG A 6 AR
fv ~ — i ImageView 4 > = = Rl4-§) 3-22 > H 7 4§ Rl 4-§) 3-23 -

Button

WERReN

Linear
Layou

B 322 mxml 4o hEETrde
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Linear Layout Linear Layout TextView @ B iSEX F

PR E B 5

——  Button F24az * Bl

——  Button 42 ¢ 1F

—  Button ¥&4a : 2F

——  Button #e4e * 3F

——  Button i&4a : 4F

——  Button ¥e4a  5F

L Button Fi4a : 6F
SR A

_I Linear Layout | | ImageView J B A

B 3-23 mxml 4 & % & 2 fi&

S b é\&%ia@’ﬂ%&g}%@ 324 B Ao BRI BHZ BARF AR T B 4
PRSI RT REA 0 A% LE LA SRR RO Y A R T R
B"d‘\‘f?ﬂ ) 3% {TD% ﬁ*/i‘i ‘1 %%'ﬁ:@ﬁ"&a&"

IR7E BB AR:Xx:98;y:206

B 3-24 Android i &% F ot 7 B
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3.11 Android Java #%.3\ 75 ¥ai¥

Android #2.;% 75 & % cfe 345 E 2 p B K ahser AL A o ?’;H P RS T REF AR
Eﬂiﬂ » e Package Name & = — i Package » £ 35 2% 4h 2 3t H ¢ o @ 238 fen HH* L] bk & &kpF
fiy ~ e Activity ¢4 - Android 42 3% A e e fh & 5 Java e

& Android P 4 & R RLE N ARN RS BT AR e 0 4 rj*u—ELL HTML %3553 JAVA 4238 « 258 11 &
E3H A XML &3 #4258 B % JAVA &Jd2 0 11 A 3~ k3 mainxml 22 MainActivity.java $ & >
page2.xml £2 Map.java /& > mxml &2 Mjava &> A 2 S B F w 2 F ot SR 38 * Intent 372 g
oo A2 end BB 4255 # % £ 5 MainActivity.java ~ Map.java ~ M.java -

MainActivityjavaxml & 3 f23% g F 2% 34 7 4% 0 4o main.xml - 4% & Eclipes ¢ & = & * f25¢ >
ri%a— ¥_¢ A 4 MainActivityjava £ * 425 g4~ # iy 4258 fho 2 3K 25§ % T e Button(H & %5 btn0)

SEEMFEL  FERT G EURIRKFFRT G o 24 2@ L4 & Android 257 0 % - SR
B R R %f.;\i HLH G WL AR AR D P S8 FHE A4 F 0 4o package
witf.wyf;

A 24X

PRAR SR s AR A R R 2 Y o g A import kI EAEFLF L
android.os.Bundle £ android.app.Activity; ] £_%* & android Activity ¥% ¢ & * | > #7022 5% 423 ihé
FEREARET RS oA A/ RIAw 4 % 4T android. content. Intent ~ android.widget.Button %
w2 fs AR e iy d oo

import android.app.Activity;

import android.content.Intent;

import android.net.Uri;

import android.os.Bundle;

import android.view.View;

import android.view.View.OnClickListener;

import android.widget.Button;

import android.widget.ImageView;

B. & 7 Activityjava %

PEAR A P & s MainActivity 2 A4F 0 K0T 25N B ER 3 0 a0 Activity 2 %] 0 & Map.java ~
M.java ¥ 7= 38 * | gt 25 % 5 %)

public class MainActivity extends Activity {
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public class Map extends Activity {
public class M extends Activity {

C. RZHpEThidoFhih
F1#* findViewByld()®~ ¥ R.java 3 ikith® btn0 e/ s ~ 2 ¥k T fJ &R 7
@Override

public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.main);
I =2 F R A6~
Button btn0=(Button)findViewByld(R.id.btn0);
/I # =_ button =7 myListner

btn0.setOnClickListener(myListner);

D. X2y

$ B2 5N 45 §_Map.java ¥ Button £ btnM ~ btn A~ btn E 9% 2> f1* findViewByld() 2%
R.java & /a#h® 43  btnM ~ btnA ~ btnE 4&4= 1 & ~ i T X 2 f§#F 7 > 4Bl 2-16 #7775 ©

public class Map extends Activity {
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.page2);
Button btnM = (Button) Map.this.findViewByld(R.id.btnM);
Button btnA = (Button) Map.this.findViewByld(R.id.btnA);
Button btnE = (Button) Map.this.findViewByld(R.id.btnE);

E. ZZIntent*r i /o

RADN0 5 3 R4 40 AR5 E* I Intent 3772 X 1 * setClass X < MainActivity 7 i 42
#g w7 4 F) Map #4258 2 %) » & Map.java ~ M.java ¥ 7738 * P gL 2E 2 S o
private Button.OnClickListener myListner=new

Button.OnClickListener(){ /= YKH T2 4 TR FE
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public void onClick(View v){
Intent intent=new Intent();
intent.setClass(MainActivity.this,Map.class);
startActivity(intent);

}
b
btnM.setOnClickListener(new Button.OnClickListener(){
public void onClick(View v){

Intent intent = new Intent();
intent.setClass(Map.this, M.class);
Map.this.startActivity(intent);

bk

F. @pef

PEARNERREY D] IntentF2 XX g e s HRET T e -
h
private Button.OnClickListener btnm1OnClickLis =new
Button.OnClickListener() {
public void onClick(View v){
Uri uri  =Uri.parse("https://googledrive.com/host/0BxHoseBChCDWbzVTQ0Q3bm1Ycjg/in
dex.html™);
Intent it = new Intent(Intent. ACTION_VIEW,uri);
startActivity(it);

G. Android Manifest

KA o2 Bt TR7HAHEL> 2P android:label * & 5 &7 k4L & 4L -
android:name=".xxx"R| % 77 Activity et /28 L4 A [J& 7 P Wk kP o
</activity>
<activity android:label="Map" android:name=".Map" />
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<activity android:label="M" android:name="-M" />
<activity android:label="MB1" android:name="-MB1" />
<activity android:label="M1" android:name="-M1" />
<activity android:label="M2" android:name=".M2" />
<activity android:label="M3" android:name=".M3" />
<activity android:label="M4" android:name=".-M4" />
<activity android:label="M5" android:name=".M5" />
<activity android:label="M6" android:name=".M6" />

</application>

3.12 Android E7 =42 PC i i

Android £ A k5t PEEY 0 T UERIIINETRE ol Leno if‘u{— R P2 Btk %
BE o R F R BB R Rt > A f % 2 .41 % Arduino Bluetooth H-E LS 4
4r @) 3-25 - i% i AccessPort #it B8 # ¥ F 8 5L Android A 88 2k % 4o ) 3-26 0 3R Android A ¥83% & A

F AL AT e e §12] -

B 3-25 ¥ 7 ‘& -Arduino Bluetooth
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[ Tormios

fb® l iy

Q[Fe@E 2

tR8E *Tm

B 3-26 AccessPort #ic Y

3.13 Android Eviafia ki

COMS ZNTINEE

FAXIAdroid FFi g c BT A sEe# a2 ia o 4ol 3-27 -

Bluetooth3

",/””- uart_select

uart_buttono

a

uart_buttonl

uart_button2

uart_button4

uart_button5

N A1

N LTS
\ P/ e

N
NS Bar

/)] /

uart_scrollview

uart_button3

B 3-27 android &7 T i & K
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ScrollView : @+id/uart_scrollview : 7+ 5 8 4R

Spinner : @+id/uart_select : &7 4 p w i iRz FY ER

Button : @+id/uart_button0 (4 X %) @i T2 EFT X R
@-+id/uart_buttonl (3&&F % %) Er- ¥ d v d L2 Ty EE
@-+id/uart_button2 (B /Bf) @ Bic M P F T # ik T
@+id/uart_button3 (¥ &) : B4 F F 7 58 2 5
@-+id/uart_button5 (i;.?’-‘,éf) : i%—“% BEleplaz g
@-+id/uart_button6 (EXIT) : & & * 4250

% Android 7 /i & & 22 Arduino £ 7 e s pF > Android £ 5 /1o € Bom & REALET AR T

WL RS 1004 UM REBEF L AET LR o 4ol 3-28 “7 o

B3-28 E7fEae £
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% Android
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R ET £

Bluetooth3

HC-05|20:13:0¢
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=

A g &F‘ﬁ' Android f?‘/} H Kﬁ'ﬁ'{@
3-

3]

(—

2

F

T gt
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Bluetooth3

HC-05]20:13:0¢
A

EiRRE

RBKE

FI/RR Erigs

e

R IEE SIS B HC-05/20:13:05:17:40:28

AR

EXIT

Bl 3-30 Android J& * 423% 22 Arduino ¥ g A

T Marh K T AccessPort gkt ¢ 73 33k 4o B 3-31 #for 0 3 TT MR Arduino 7 Breid i

@ U S COMB e &7 (5307 LB~ ¢ 0 0 4o 3-32
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S e
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Terminal
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s +740 T

% PC =& * AccessPort iﬂgﬁg] >3 p BIED] Arduino EF B E > A Arduino 7 #-E
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Bluetooth3
1
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2
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2
EIERE
RBKE
F/EA aries
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Bluetooth3
]
HC-05120:13:0! d
4 1
3
2
121,232
)!}%Kl 121,232
BRER
B/ wniam
A i
EXIT

B 3-34 Android &7 /% F B it

A RS NRFOES RFID fickeps > RA F LB EET K& eFfate - £ F & Android & *
e R RFRETFERIARL FLEIEHFFE > W AH ORI P LA F I AR
TEFHE o B F T RERFFE 12 & HiE Andino E7 e ek bdbd L g7 0 o
IR R S AR ET ) WIRI S BERFSRT  RE G EERE LI BE
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314 &2 #HE7ET(HTML #7)

A E N T PRE A E I HTML & F (7 2 &1 i %o HTML 242~ 247 32 2 (HyperText
Markup Language * HTML)» & 5 T &> v v ¥ EETHTEY g Plava b ka- BT E
T oHTML A% kgfpitn d > Gl4cff T ~ BEfes| 2 2% > » ¥ % k- TRR HE> F R
ﬁﬁ%ic

\

ML A% 5% * aoglddh & (845 &) Zohtml s & 2 4 DOS ia i eni it % % 5 U4 gk & 5 5 %
3B A P NM B L4 AR o TLANM BIHL L gt — 4 > f B (v S Pl 4 4R .
“*‘%’jﬂ“’” P E e G R R A 0T T8 S HTML $0d8 B 5 S d® HTML 4 % [13] -

rm2 O HTML e F 200 TXT = F 422 > 4oR 3-35 %77 » T2 VR o @ 4

Google Z =4 PRirE > B F » * R THBEH TN T FY g FiR o

i

L

SIE  9x0) WEY) NEM)
position:absolute;
width:432px;
height :34px;
z-index:3;
left: Slpx;
top: 4l4px; £

!
-->

</styvle>

</head>

<body background="ml.png">

<div id="boy" style="position: absclute; top: 206px; left: 98px; z-index: 2; vistbility:
visible:">

H<img id="boypng" src='ic_launcher.png' width="37" height="37" border="0'></div>

<div xda":oordtnate” style="font-size: 24px; position: absolute; width: 242px; height: 37px; top
370px; left: S0px; z-index: 2:;">
EFERE : x:98; V._O& fdiv>

<script type="text/javascript™>

var x=parselnt(boy.style.left);

var \:paxsc11lnb0 slxlc top):

var nows" xa’lf"’f‘ﬁ X: f\‘o';\‘: ¥,

document . getElementByld( 'coordinate’) . innerHTML = now;

B 3-35 HTML 222 % & 3 ;% %3342 5N 55

B E AMEREF TR 0 ¥ 3T MBI L ohtml g2 ARG > 4o @) 3-36
L BB TR M AR AR TR TR G 0 4o 3-37 9 o

m
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>

EEEEL
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3.16 A % ;% RFID #e &R %

3 & f1* Nordic (7nRFIES 2 F - Bapfcfodf s4irie > s fe ™ e 7 TR B o ppFat e
#-EPCglobal C1G2 ehr i 41 » F AT chip M ¢ o KK s e st i< & Tag 5o p% -
GRS RIE-N- 528

NRFIES 433/868/915MHz 43 3 S#Ce » A A+ £.d — i 8051 cryr 4] % » £ 4c + — i nRFIES ¢h
B et e o vh sz AD converter ko 4v 2 OI/O e e o B B A 2 Bdo B 3-42 A

.

AN Q0| 4k byte Soot 25 oy
ARNZ QT RAM oades RAM ANTY (20)
AR 0| — 7-channel miermupt - ANT2 (29)
AIND 29/ — UARTO RFI05 vDD_PA (19
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3.16.1 Nordic nRFOES # & T = Tag #- &7 #

Tag e 284 > 7 R Aol 343 0 A Pro i & P deT

(1) HBmtETRI

9V

(2) 2 i & -409~85T
(3) @i 5 50 Kbps

(4) Tramsmit 7 7® 9mA
(5) Receive 7 i 12.5mA
(6) ADC it 0.9mA

(7) up-controller & 7 ImA

(8) NRFYE5-EVKIT 8051 & # ‘o

(9) Jungo USB connectivity system
(10) AVR32 8051 & + ‘&
(11) WinDriver USB & » fi- %
(12) Keil C #27* S 33c 8

(13) Nordic 445 # 88

(14) USB ‘4% 4 &

(15) UART § &8 §i i d

(16) & s 3 % 5
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Yes BEREMLEMR )4
atrars |€ T M
HEMRS Yes arnd
l No
Ao
ey B
| |
AR No
"ERR
Yes

Sleep 13 seconds

] 3- 45 NRFIES £ TAG # AL i 42 ]
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Bl 3- 54 IMU 12 2 nRF9ES %, = H

GIMU (GPS-enabled Inertial Measurement Unit) Version MECHU @& % 4 % 7 ¢ 40T ¢
(1) & = = #hieiE 2 MEMS Accelerometer
(2) Geik R E o [Fl+/-1.59

(3) & % = #he il ik MEMS Gyroscopes

(4) FedR &R 2 & F+/-509sec

(5) GPS #_i=ii 4

(6) GPS F#le 2 5B ~ A -~ Tk ik
(7) UART @43 > 19200N,8,1 $ 3¢

(8) 4vid R il ®RE FP~ 4k 15 =

(9) GPS T imFHl& B fh- =

(10) 3.3V~3V % jn &7

(11) 4= 7 >+ 100mA

3.17.1 External Connector

GIMU P 5 - £/ £+ > 2t 5 GPSModule - GIMU # * MTK 2 & TR B GPS 44t ds * » p
EARE AR R G A RIT E A G sxT a4 o GPSModule T 2 5 ow %rig B F > 4o ik 3-4 1T o
AFETRY L RBEFES AT LR LT RIRAE R T E o T A B PR

LiFfe? > GPS LML R & ¥ o
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e &ogri e nl ik kol

T:GIMU & 5Ly 1 %r iz > 52 458 3] DSP 0 UART input % i -

R : GPS Native Signal - 22357 & * - jt i 7 Jf# GPS Module /& # 22 NMEA Packets -
V : \Woltage input - & & 3.3V~3.0V 2z [F chg B o

G:GND o 3424 » & g2 DSP 2 ¥ sdpid o

d AR PRk Rl R I E S RRPE O TSR I TV E Gy e

3.17.2 Power And Boost Up

FEGIMUF 3+ V&2 GA &bl 3-55 907 » i P> GIMU + € ¥ TR > £ 100ms
P EB R BAE N TR 5T RS TAR GIMU F X RTREM G TSR
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3.17.3 MEMS Sensors and Outputs

GIMU - % i# * = 35 MEMS Motion Sensors -

(1) Freescale MMAT7260Q - Tripple-Axis Accelerometer

(2) Invensense IDG1004 - Dual-Axis Gyroscope *» { # Yaw rate, ¥ - ﬁaﬁiﬁ] A E

(3) Invensense IDG1004 - Dual-Axis Gyrosocpe > # 7 Roll rate £ Pitch rate -

v+ A f& MEMS Sensor 3% 2 8 7 ihaft ﬂi%l Ao 55 12bits ADC # 3 & i3t o B & Ry ﬁia?] a2z
Sensor & /z% A f o7 Ao F] gt Null Value( % 359?] M) 5 Veel2 =+ R$ypi@d Rk i 43R Null Value
ERARE AN N b S

12bits ADC #- 0~Vcce # 4 5 -+ = & i+ 0x000 ~ OXFFF > = %A{JL e 03 4095 20 B o — AR
Null Value % &_2047 » e & i Sensor mﬁ%l NIhE G FLEMA > FE- KL -

3.17.4 GIMU # 4 #& 5%

GIMU i 1 15 5L 1 5
(1) 19200bps

(2) No parity check
(3) 8-hits

(4) 1 stop bit

GIMU ﬁi%lﬂv\ #L % Binary data > & 2t ASCII encoded - » %{;& s &R A iif‘u?;'i’ﬁ it
Fl#t 2 sp * Windows T oendg xS E B B2 cGIMU F 5% 15 B ate o BFIE 5 1/15sece GIMU
mij—-; 21 %@
1. ¥ 3 ¢ 7 MEMS Sensor § it -
2. ¢ 7z 7 MEMS Sensor 3417 GPS F i o

Fli GPSE f) % ix—- % > & GIMU #0140 % - fidte > % 15 pFr diendte £.5% - 8- 1

T f#fE GIMU shdt e i A b A g i Aon o i P S3E  4E AR 30 kB 1E GIMU shdt e TR

% 3-5 71 o
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# 3-5GIMU 4t# T > L2z 47

ByteO OxAA
Header

Bytel 0x55

Byte2 0x12
Gyro P

Byte3 0x34

Byte4 0x56
Gyro Q

Byte5 0x78

Byte6 OxAB
GyroR

Byte7 0xCD

Byte8 OxBA
Acc X

Byte9 0x98

Bytel0 0x76
AccY

Bytell 0x54

Bytel2 0x32
Acc Z

Bytel3 0x10

Header * k&7 4t hB dp o & E F T HF 31 0 OXAA & OX55 & B =~ e o

Gyro P value : 0x1234

Gyro Q value : 0x5678

Gyro R value : 0XABCD

Acc X value : 0xBA98

Acc Y value : 0x7654

Acc Z value : 0x3210

M REIR L R g2 0 FEL AT G SE BiE 0 F] Sensor F AL 12bitsADC i 0 rolic®
B % %o ] 4095 » fj&{OxFFF PG o e B dE c RF AR IMU @?J g R oo RS2
B 4B 3-56 #7om o 1 ASCH % F it 2 (S i@ AL 4o
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E Db 0x55 Ox88 OxAd OxBG 0x98 OxTA 0256 Ox88 0x32 0xT2 Oxdd OxBal
30 TE 41 41 20 30 75 35 35 20 30 78 38 38 20 30 78 41 34 20 30 T8 42 38 20 30 T8
ES 19200« || |39 38 20 30 75 3T 41 20 30 78 35 36 20 30 76 35 35 20 30 T4 33 32 20 30 78 37 32

ﬁfﬁﬁgm 20 30 78 41 34 20 30 78 36 41 21 DAl
e -

gtz -
@  TRAETIE

FriphE ERE
ZLEEET

v BEEE
Tl iy 3]l B

EizEET2NE
C: \COMDATA

BxElE| EEr=saE |
v TIEHEE  FEane
[ BEEhE (REpREEER)
BRI 19993:: = [BESEVHE | SRaRET

STATUS: COM Port Closed | ERM:E84 | TH:0 HENEE

Bl 3-56 F ¢ i+ i

FFATPE GIMU G- B#HE > W2 4R > €FRS phenlicE ¢ 7 %14 4o B 3-57 #7771 - & T
KTo €237 P IEFIAPTT EOIER U E £ RHEY o

==k |CDM3 j 30 TS 41 41 20 30 TS 35 35 20 30 TS 35 35 20 30 TS 41 34 20 30 TS 42 35 20 30 TS 39 35 20 30 TS
37 41 20 30 T8 35 36 20 30 TS 35 35 20 30 TS 33 32 20 30 TS 3T 32 20 30 TS 41 34 20 30 TS 36 41
BEE 1920C = 21 OA AASS 00 04 03 TE 04 1E 00 OB 07 &3 07 5B 65 36 04 &5 10 00 04 15 DO AA S5 07 C4 O3 BE O7
Eﬂ\;ﬁtgm SC O7 16 07 BE OT DC AA S5 0T C2 03 B2 OT7 5B O7 14 07 AE 07 E6 AR 55 07 C3 03 C5 07 SC OT7 13 07
L] B3 07 E1 AA 55 07 C3 03 C5 07 59 07 16 07 BT O7 DA AA 55 07 CZ O3 BC OT7 5B O7 17 OT AD O7 DD AA
fost 2y a4 - 55 07 CZ 03 BS 0T 5B O7 16 OT A4 O7 E3 AA 55 07 C3 03 C5 07 SC OT7 14 07 B2 OT ES AA 55 0T C3 03
L B3 07 5B OT7 16 0T AE O7 E3 AA 55 07 C1 03 CE OT7 5B O7 17 OT AE OT EB A& 55 07 C3 03 B4 07 5C O7
Bk fu)! hd 16 07 B3 O7 EE AA 55 07 C3 03 C5 07 SA O7 16 0T BO O7 EC AA 55 07 C3 03 CZ 0T 5D O7 1A OT B9 O7
El Ah 55 0T C4 03 BEC O7 55 07 18 07 Bl OT F4 AA 55 07 C5 03 B6 OT 5D OT7 12 OT A9 O7 F1 AA 55 OT
FTRARSIe CD O3 AB OT CC OT 17 05 45 07 ET FF 30 75 41 41 20 30 78 35 35 20 30 T8 35 35 20 30 74 41 34 20
Ed 30 TS 42 35 20 30 TS 39 35 20 30 TS 37 41 20 30 TS 35 36 20 30 TS 35 35 20 30 TS 33 3 20 30 TE
3T 32 20 30 76 41 34 20 30 76 36 41 21 OA AA 55 00 04 03 56 04 90 00 06 OT TE OT 65 B5 32 04 28
EHrfErE \W7[E |10 00 04 18 DO Ak 55 O7 DS 03 B9 O7 5D 06 FC OT BS O7 DB Ak 55 07 C9 03 C6 O7 5B O7 05 O7 BD O7
— DO7 Ak 55 07 D1 03 C4 07 SF 06 E6 OT A9 OT7 IF AA 55 07 CF 03 &1 OT 5B 05 EF OT 9F O7 EA AA 55 07

IR B9 03 97 07 5D 04 B2 O7 54 O7 DA AA 55 0T B3 03 EF 07 SF 03 90 06 D2 O7 EF AA 55 07 E1 04 85 O7
Wiﬂif‘ 58 03 03 05 F2 0T CD AA S5 0T 8B 05 50 OT7 4B 02 4E 05 OF OT CA Ak 55 0T AE 06 25 07 51 01 35 04
HAIES ES OT FT AA 55 06 AE 05 02 07 ED 01 CC 04 2F 07 SF AA 55 05 59 05 5B 07 61 07 5F 03 DE 05 05 AA

v 7R 55 07 C4 0F 14 07 5B 07 41 04 02 07 CE Ak 55 07 CZ 07 B3 07 55 07 10 04 04 07 DE Ak 55 07 C3 07
OF 07 55 07 OF 04 0D O7 CE A& 55 07 C1 07 E1 07 SE 07 12 04 06 07 DA A 55 07 C2 07 D2 OT 5B 07

[EE7FRE-T-8bieE| |85l (15 03 FF OT DT A& 55 07 C4 0T DE OT 59 0T 18 03 F2 OT CA A& 55 07 C1 OT EF OT 5B OT 17 03 F4 07
= C9 Ak 55 0T C2 07 ES O7 56 07 17 03 FE OT IE A& 55 07 C4 OT E3 OT 55 0T 1A 03 F4 07 CC AA 55 0T

C:WCOMDATA C1 O7 DE OT SA 07 17 03 FD OT D1 FF

ArEE| EEAEE/EE (1
W TR FadE
[ BENEEE (RS EER)
BB EE R ,ﬁg@ BEWEVH | SSERE + R
ETATUS: COM Fort Closzed Iz TH:O SHEETE % - * 5

B 3-57 i‘#é’ﬁlﬂi_ﬁﬂ% fh#c i
B ARG Ace X kit 0 b F X ™ w56 30cm pEdE o - GIMUﬁ;]ﬂ'.ﬁvAch%ﬁé 0

#Lo dod 3-60 k12 AcC X b H — B #ciE #fizt7 o 4 > Acc X 2 Null value §_4095 ¢h— 2 #7120 §_ 2047 »
A 2 g OXTRF o 1% 35 (3-1)3e 2 (9 5] 4e i ot & 358 units -
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# 3-6 GIMU # ) i0 Ace X 3f & TR
AA | 07 |03 |07 |09 |08 |07
55 |B3|E7|35]65|C8 |33

value( ¥ BE4E) — — = units(1) (3-1)

2405 — 2047 = 358units

feid 2 gy # g(£ 4 )5 800mV > 5:iF 12bitsADC 2 # 4% % 993 units » 4 & = 2 438 (3-2) » ©*
% 19 «h¥ciE 5 993 units °

800mV x (4095/3300) = 993 units (3-2)

d 2t — B g &5 993units > ek B3 F 54 (3- 3)7‘5’ TR A EE e

units(1) = 993 x g &= 4ri# A (1) m/sec? (3-3)
358 + 993 x 9.81 = 3.537 m/sec?

PR E 6 5 2 50 (34) k3 B BB hed o d e B 0 s A Y o e B LY IMU &
5/"?@” BAre o SrrIE Bafé B IE L 158eC o
S = Vot + (1/2) at? (3-4)

(1/2) x 3537 x (1/15) > = 0.786 cm
dOTRIEEAL S 0 g G LR A EERE T TR R R LR T Ok iR
B RARITA P E DR BIER o R Y @5 @R R AL DeE R o 2 8 J1* 54(3-5)
500 £ pEAE o

seig B (1) + B lic = 4oid A (2) cmisec? (3-5)
3.537 + 20 = 0.177 m/sec?

(1/2) x0.177 x (1/15) » = 0.039 cm
0.786 — 0.039 = 0.747cm

A it e F‘ﬁ‘f Bcipdcdk 3-7 “77 » % - f@‘ﬁifﬁ_ﬁ k2 (8 TR B I A (s - ’B‘ﬁil*'wv&"r

- &

F e B @ kenlicEF Do kide kS 32.14em e ¢ 13 S A4 #ch30cm € F ﬂ%’éﬁ'—%'_’i%;a‘rr,ért
kA PR (5 %A 20.8cm o EE R ok enpEAE { 4531712 #8 c1 30Ccm o
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# 3-TAcc X #i5 1 3¢ T #iie

AR NE (AHE|LE | @R aERi| KIER | EHR
= #ic| (units) | (units) |(units)| (m/sec2) |(m/sec2) (cm) (cm)
1 2405 | 2047 | 358 3.537 0.177 0.039 0.786
2 2356 | 2047 | 309 3.053 0.153 0.034 0.678
3 2800 | 2047 | 753 7.439 0.372 0.083 1.653
4 2862 | 2047 | 815 8.052 0.403 0.089 1.789
5 2476 | 2047 | 429 4.238 0.212 0.047 0.942
6 2513 | 2047 | 466 4.604 0.230 0.051 1.023
7 2336 | 2047 | 289 2.855 0.143 0.032 0.634
8 2810 | 2047 | 763 7.538 0.377 0.084 1.675
9 3125 | 2047 | 1078 | 10.650 0.532 0.118 2.367
10 | 2980 | 2047 | 933 9.217 0.461 0.102 2.048
11 | 2578 | 2047 | 531 5.246 0.262 0.058 1.166
12 | 2481 | 2047 | 434 4.288 0.214 0.048 0.953
13 | 2841 | 2047 | 794 7.844 0.392 0.087 1.743
14 | 2914 | 2047 | 867 8.565 0.428 0.095 1.903
15 | 2966 | 2047 | 919 9.079 0.454 0.101 2.018
16 | 3120 | 2047 | 1073 | 10.600 0.530 0.118 2.356
17 | 2671 | 2047 | 624 6.165 0.308 0.068 1.370
18 | 2884 | 2047 | 837 8.269 0.413 0.092 1.838
19 | 3097 | 2047 | 1050 | 10.373 0.519 0.115 2.305
20 | 2922 | 2047 | 875 8.644 0.432 0.096 1.921

£ kR Rt > F B Gyro R kemgd > A0 F Z fhii- Bk T g 00 R ehd & o 13t
¥ GIMU #1161 GYro R ghdt & Ff » 44 3-8+ F] 5 Sensor L7 12bits ADC # 4 » Fedici@de § 7
3] 4095units » # = L =~ &= 5 OXFFF o d » Gyro R 2 Null value » #_4095 units - £ % 2047 units -
P okfEfTRIl ket B S > Aded 4 3574w Gyro R #iciE 5 0x58C » & & 10 i& = 5 1420 units »
i 70 chgcE ] * 34 (3-6) 8 O o
# 3-8GIMU # 1 51 GyroR #f & 7
AA | 07 |03 |05 |07 |07 |07
55 | A3 | B0 |8C |28 |E8|56

value (§ % &) — Vcc/2 = units (3-6)
1420 — 2047 = -627 units
d ** IDG1004 1%?] NI EHE R AmV o AmV 3 8 & ADC endcie 1 * 4 (3-7) 8 &1 o & %h%?\;mﬁ f<
VR R E fyagd - R PpF > ADC eogf i Sunits o
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4mV x (4095+3300mV) = 5 units (3-7)

BEA PR ounits % 2k o0 17 £ (38) )
Units+5 = & 5 (deg/sec) (3-8)
-627 +5 = -125.4(deg/sec)

TR R R S > T2 AP R R R TR g SR R A Y 3 (39)
TR RERAPTE DR RS FE I RaS o FIGIMU E §) €3 4 15 B At o B
Hi#ER LFH 15 =% o

4 & (deg/sec) x (1/15) (1/sec) = & 7 (deg) (3-9)
-125.4 x (1/15) = -8.36°

d S EE 5 D RE G BRAL T AR RIS R NE10) 2l KA e
Tﬁ’wﬁﬁﬁﬁﬂmiﬁdiﬁﬁﬁW?%iQ°
g P fiex (1/15)  (Lisec) = ik £ & (deg) (3-10)
-125.4+11x (1/15) = -0.76°
-8.36 — (-0.76) = -7.6°

ﬁs?‘J:"'iT FAlEEAd 39 7o Wag - i F- Ll k28 PRS- LK Nk v R
/T* FIAP R PE R Sede KT kehficiE 5-95.81° ¢ FIF FHE 00°¢ 5 BEA a‘t"“filg—%

£ 4 %-871° B kb B { RITIEE 5 90°

# 3-9GyroR i 1 4F ¢ T BB fF47

Bfh | EE | AAE | L@ | aF | bR | BLE | BpbR

=% | (units) | (units) | (units) | (&/sec) | (deg) | (deg) (deg)
1 1420 2047 -627 -125.4 -8.36° | -0.76° -7.60°
2 1378 2047 -669 -133.8 -8.92° | -0.81° -8.11°
3 1411 2047 -636 -127.2 -8.48° | -0.77° -7.71°
4 1495 2047 -552 -110.4 -7.36° | -0.67° -6.69°
5 1432 2047 -615 -123 -8.20° | -0.75° -7.45°
6 1345 2047 -702 -140.4 -9.36° | -0.85° -8.51°
7 1311 2047 -736 -147.2 -9.81° | -0.89° -8.92°
8 1385 2047 -662 -132.4 -8.83° | -0.80° -8.02°
9 1247 2047 -800 -160 -10.67°| -0.97° -9.70°
10 1425 2047 -622 -124.4 -8.29° | -0.75° -7.54°
11 1482 2047 -565 -113 -7.53° | -0.68° -6.85°
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318 xAinAE

< £ Android A7 £ & 525 AR % & NRFOES RFID #oie » 3+ - TR F R kS
rase, ¥iRpE L BEE Android FEA T HF L% B X RBEF OB ET g o HxH 3
WA EF L AR R - PRER AR ET A B R (R Ao R 358 ¢

Start

B a A

K] 3 )

4
AR 88

= I 6L WiFi

1.
&

e
~

M HTML

B 3-58 & i1 1Fin 47
iﬁ?%ﬁ%‘}ﬁﬁiﬂr'“ et BB T R i%ﬁ‘“{‘*s@’f}%%" FEw o 4@ 3-59 - BhiE
Er i g B FE W ERT F T OCE R R R R B R e R
At} 50 B4 S REA PR FHEE o doF 3-60 0 § @ FRNLHE 0 § DIREA e
WK EH A A e R Y A G T AE 3 K o R - 4o 361 -
F v A ES F Y B %@’éaﬁgﬁmm“ﬂ—%ﬁﬁﬁgﬁ’E%%?ﬁ?u

ﬁﬁﬁémﬁ%’éﬁ% %mﬁ%tﬁpmﬁ%w’@%ﬁkgﬁﬁé Rl i
wHAMAT 3 Bhcer > Fily Rl & Rie ™ HFpcipept -

W RRs o g%Tizﬁmﬁﬁ Bl ~ BB 2 AP HE BT o 4oB 362> BTk %
aﬂﬁ&%ﬁﬁ’#QW%%¥%ﬁ%@ﬁ@%?ﬂ’&%aﬂ& VAR SR R T %*oﬁﬁﬁﬁﬁ
Blom B F P e o B te > A B RO ESHE > E 8 2 T T H R TR o
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B13-62 Lk T 87 4o

319 AiH#E

e HTML 33 ¢ “r&gon chg 32— 4 3D &4 H

Hi8* Sweet home # 7l ®Wm = » T HT
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Abstract

This research provides a health monitor system with replaceable flexible non-fragile bio-probe on an active RFID (Radio Frequency
IDentification) tag. such that the new system can improve the signal-to-noise ratio (S/N) and impedance matching problems. Besides, the
bio-probe device can conform to the profile of a bio-body and to improve the electrical contact property. The detailed dewice fabrication
and testing processes are given. Two examples are given to show that it is very useful for remote health monitoring. The first case is used
o measure the difference of acupuncture bio-potentials for a man with and without staying up late for all might. The other is to show the
difference of acupuncture bio-potentials for a man with influenza before and after taking some tablets of vitanin C.

© 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the National Chiao Tung University.

1. Introduction

Conventional micro array biological probes are produced on a silicon wafer substrate [1-3]. These probes are frangible
and fail to be disposed relying on the profile of a bio-body, and adversely affecting the contact resistance between probes
and body. Besides, after a signal detected, additional devices for signal processing are required to improve S/N ratio and
impedance matching problems. The bio-sensing probe module and the block diagram of this bio-sensing and health
monitoring system are respectively as shown in Figs. 1 and 2, which consists of a replaceable non-fragile bio-probe device,
top-gate TFT amplifiers, and a wireless active RFID system [4-8]. As such, the bio-signal can be amplified nearby to
improve both S/N ratio and impedance matching. The bio-probes are made of thick SU-8 photo resist, thus they are flexible
and non-fragile, such that the bio-probes can be disposed to conform to a human acupuncture [9-15] and to improve the
electrical contact property. The bio-sensing and health monitoring system is not proposed in the previous literatures [16-25].
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Fig 1. Proposed bio-sensing probe module. Fig 2. Block diagram of bio-samsing and bealth momitoring system.
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This research provides a health monitor system with replaceable flexible non-fragile bio-probe on an active RFID (Radio Frequency
IDentification) tag, such that the new system can improve the signal-to-noise ratio (S/N) and impedance matching problems. Besides, the
bio-probe device can conform to the profile of a bio-body and to improve the electrical contact property. The detailed device fabrication
and testing processes are given. Two examples are given to show that it is very useful for remote health monitoring. The first case is used
to measure the difference of acupuncture bio-potentials for a man with and without staying up late for all night. The other is to show the
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1. Introduction

Conventional micro array biological probes are produced on a silicon wafer substrate [1-3]. These probes are frangible
and fail to be disposed relying on the profile of a bio-body, and adversely affecting the contact resistance between probes
and body. Besides, after a signal detected, additional devices for signal processing are required to improve S/N ratio and
impedance matching problems. The bio-sensing probe module and the block diagram of this bio-sensing and health
monitoring system are respectively as shown in Figs. 1 and 2, which consists of a replaceable non-fragile bio-probe device,
top-gate TFT amplifiers, and a wireless active RFID system [4-8]. As such, the bio-signal can be amplified nearby to
improve both S/N ratio and impedance matching. The bio-probes are made of thick SU-8 photo resist, thus they are flexible
and non-fragile, such that the bio-probes can be disposed to conform to a human acupuncture [9-15] and to improve the
electrical contact property. The bio-sensing and health monitoring system is not proposed in the previous literatures [16-25].
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Fig.1. Proposed bio-sensing probe module. Fig. 2. Block diagram of bio-sensing and health monitoring system.

The detailed device fabrication processes are given. The probe resistance is 2.7 KQ, and the monitoring range of the
RFID tag is 15m. Two examples are given to show that it is very useful for remote health monitoring. The first case is
used to measure the difference of acupuncture bio-potentials for a man with and without staying up late for all night.
The other is to show the difference of acupuncture bio-potentials for a man with influenza before and after taking some
medicines, such as vitamin C. The paper organization is as follows: the first section is introduction. The second one
briefs the fabrication steps of TFT amplifier, bio-sensing probe device. The third one is system test and discussions. The
last section is conclusion.



1. Device fabrication steps

Step 1: Use mask #1 and Photolithography And Etching Processes (PAEP) to make some through holes on flexible
substrate #1. Remove Photo Resist (PR) and deposit TiN (0.1 um) on both sides of substrate as seed to electroplate
copper (100pum). Use PAEP to divide the module into two parts to make a pair of MOS TFT amplifiers. Deposit a layer
of Si;Ny (2um) on the back of the substrate for humidity insulation and passivation. Use PAEP to make vias on the
holes. Deposit a layer of amorphous silicon layer (the active regions of TFTs, 2pum), and use PAEP to make four island
regions to make TFT amplifiers, the left-hand two regions are to make two N-MOS TFTs, and the other regions are for
CMOS TFT amplifier. Remove PR and anneal amorphous Si to be re-crystallized by Nd-YAG laser. The result is as in
Fig. 3.

Step 2: deposit layers of SiO, (2um) and amorphous Si (2um) successively, use PAEP to make the top gate
electrodes of TFTs and the wirings connecting to the vias. Use PAEP to etch SiO, away at the sources, drains and
wirings on the left three NMOS TFTs for phosphorous (N' donor type) ion implantation. Finally remove PR, and the
result is as in Fig. 4.
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Fig. 3. Result of step 1. Fig. 4. Result of step 2.

Step 3: Use PAEP to etch the regions of SiO, away at the source, drain and wirings on the right-hand-side P-MOS
TFT for boron (P acceptor type) ion implantation. Evaporate a layer of SizN, or SiO, (2um), and use PAEP to make the
contact holes for all the electrodes of MOS TFTs and wirings. Finally remove the PR, and the result is in Fig. 5.

Step 4: Evaporate aluminium (2um) and with mask #8 and PAEP to make the contact metallization for all the
electrodes of TFTs and wirings. Finally remove the PR. Deposit SiO, or Si;N, (2um) for insulation and passivation,
using PAEP to make the pad connection holes. Then electroless-plating two layers of nickel and gold. The result is in
Fig. 6.

Step 5: Making bumps to connect to the outer circuit by solder (silver paste) screen printing with mask #10, and then
to cure it by reflowing process. The result is as in Fig. 7. Then the four TFTs are connected as a pair of amplifiers in
Fig.8; they can be used for impedance matching and increasing the signal-to-noise ratio.

Fig.5 Result of step 3. Fig. 6. Result of step 4.
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Fig. 7. Result of step 5. Fig. 8. A pair of amplifiers consist four MOS TFTs.

Step 6: The replaceable probes are made on substrate #2 as follows: The conducting vias of the micro array
bio-sensing probes are formed by using Nd-YAG laser ablation. Form SU-8 thick PR (500 pm) on both sides by using
PAEP for deposit TiN with Lift-Off Process (LOP). Deposit copper and TiN on both sides (100 pm) for
bio-compatibility as shown in Fig.9.

Step 7: Stripe PR away. The result is in Fig. 10.

Fig. 9. Result of step 6. Fig.10. Result of step 7.

Step 8: Forming a layer of Lift-Off resist (LOR, 500 um) on the back side for deposition of TiN later. Then form
another SU-8 thick PR (500 um) on the back side as the columns of flexible non-fragile probes. The result is shown in
Fig. 11.

Step 9: Deposit a layer of TiN (2 um) on the probe surface for bio-compatibility. Stripe LOR PR away and the micro
array probes are formed as shown in Fig. 12. Then connect substrates #1 and #2 with conducting tapes for signal
connection. Thus the probe module can be replaced easily after usage by peeling the conducting tapes as shown in
Fig.13. Applying a RFID tag as an interposer, on which the conducting wires to the probes and TFT amplifiers are
formed. The holes on the interposer tag are electroplated with copper such that the bio-signals can be connected to the
RFID tag as shown in Fig. 14.

PR

Fig. 11. Result of step 8. Fig. 12. Result of step 9.

Fig.13. Result to connect substrates #1 and #2 with conducting tapes. Fig.14. RFID tag is used as an interposer to connect the probes and TFT
amplifiers.
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Step 10: Screen print silver paste on the contact holes of interposer, after the reflow process one can connect the
power, ground, and bio-signals to and from the modules of bioprobe and TFT amplifiers for wireless monitoring as in
Fig. 14.

The circuit diagram to integrate the modules of micro array probes, TFT amplifiers, and active RFID tag is as
shown in Fig. 15, in which Q1 is a switch enabled by a pulse signal input voltage (Vpp) for power saving at point A, Q2
is a current source by connecting gate to drain. The current output from point C is connected to micro array probe
module on human acupuncture under test. Meanwhile, the voltage output at point C is connected to the CMOS TFT
amplifier previous mentioned for impedance matching as well as raising the signal-to-noise ratio of measurement.
Finally, the amplified voltage at point D is converted to digital by an A/D converter in the active RFID chip.

Pulse VDD
Signal VDD
Input ] Q1 C 03
A K= Micro Array
— Probe
B Human D A/D Converter
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—
— Micro Array| 04
Current| Q2 Pro‘be
Source —

Fig. 15. The circuit diagram to integrate probes, TFT amplifiers and active RFID Tag.

2. System test and discussions

This section is for bio-potential tests via RFID reader. As shown in Fig. 16 one set of the micro-probes is affixed
over acupuncture HS (to ngli) on the back of a wrist, and the other one is connected to the copper cylinder ground held
by a hand. The RFID reader is placed at 15m away. The first case is to measure the bio-potentials for a man with and
without staying up late for all night as shown in Fig. 17. Noted that the bio-potential with staying up late for all night is
much larger than the other one, we have repeated the test of the same person for several times, the results are almost in
consistence with each other. Thus the bio-potentials obtained by the proposed device and system can be applied for the
diagnosis, remote health care and monitoring of body organs. The second case is to show the difference of acupuncture
bio-potentials for a man with influenza before and after taking some tablets of vitamin C, the results of the first five and
the second five minutes are as shown in Figs. 18 and 19. Noted the initial value of bio-potential was 0.6V in Fig. 18, it
was very high, because the man fell asleep at three o’clock in the morning and catch cold. But the bio-potentials were
gradually reduced to smaller values when he took some tablets of vitamin C as shown in Figs. 18 and 19.

3. Conclusion

This research employs the semiconductor and MEMS processes to integrate modules of TFT amplifiers and
replaceable micro array probes with an active RFID tag. Thus it becomes possible to dispose the bio-sensing probe in
conformity with the profile of the body skin. As such, the contact effect becomes better. The detailed device fabrication
and testing processes are given. Two examples are given to show that it is very useful for remote health monitoring.
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Fig. 16. Acupuncture HS (t6 ngli) is on the back of a wrist. Fig. 17. Bio-potential curves of a man with and without staying up late for all night.
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Fig. 18. Bio-potential curves for five minutes after taking vitamin C. Fig. 19. Bio-potential curves for the next five minutes.
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