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Abstract

We propose a portable, convenient learning assisted system that uses
Android Smartphone with wireless sensors. The system senses and

collects the data of learning behavior and uses the Smartphone as
processing unit to collect statistics. For optimizing inference, we
used SVM(Support Vector Machine) technology to analyze the collected
data . For evaluating the system, we invited college students to join
the experiment and use the system. Therefore, we can collect data
to construct the prediction models, knowing better about the accuracy,
impression and acceptance of the system, and then realizing the

feasibility of using Smartphone with wireless sensors to assist

learner promoting learning effect by self-management strategy.
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BS2 Smartphone

Embedded Data Processing Pattern Recognition
System Unit
Bluetooth

feedback —

DAac

Interactive
platform-
Server

Online Online or Offline

B2 SPALS & &%

3.2.1 BS2 qk»i 74k $u(BASIC Stamp2 Embedded System » BS2)

BS2 i * Parallax = # 3= ¢ BASIC Stamp2 » %_— fh]*ﬁ »~ 7 % %e(Computer
Embedded System) » 7 ¥ f & MradZ B oK 3P 172 A RE 24 %ﬁ% = H 4 4= (Board Of
Education » BOE) + 12 PBASIC :& 7 4238 3 34541 BS2» ¥ £ R B2 K3 ~ 4% 0
Prb R RIE TR JE 0 RAORIZES T o & kT BS2 G A A # e Hitachi
o7 H48C = #h4e ik B g Bl ® 2 Parallax = @ 730085 %. Easy Bluetooth &7 A 7]
Bl REFY F0 LR RRGHT LA

BS2 i #* 9 kxR 4 HB TR 7 & 4 H48C-Easy Bluetooth #% + BOE §44+ * >

FRA P2 RGBS - LFETR g kR PBASICAEN EFEF o A kL
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#2382 H#ed i HA8C #1 I FIeh TR > %18 Easy Bluetooth M 7 &+
Wi 3RS TR AILE A

3.2.2 £+ P F M L H ~ (Smartphone data processing Unit)

3.2.2.1 Android #2.3% 3% 3+

(1)Android =+ &
Android ¥ - o7& R ekl » ¢ 27 1% ki@ iz - LR *
238 0 F B4R 3 e

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Activity Manager Vindow

Content
Manager

Providers

Package Manager elephony.

Resource
Manager

Location
Manager

Notification
Manager

Manager
LIBRARIES

ANDROID RUNTIME

Surface Manager Media SQLite Core Libraries
Framework

OpenGL | ES

FreeType WebKit E AV !55

Machine

SGL SSL libe

LINUX KERNEL
Display

Driver Camera Driver Flash Memory

Binder (IPC)
Driver

Driver
Keypad Driver

: Audio Power
WiFi Driver Drivers Management

Bl 3 Android 7 #£[14]
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JEBLPRFE S @ F oe A TR P R b AR B o

(2)Android f& * 425"

&t 4287 # * Android #c%8 B # £ # (Software Development Kit > SDK)#
Bz o1 2 gk B 258 4 % (Application Program Interface » API):& (7 B % »
ria* Java AR E S EEFR S o e JAVABRSBEEN g 2 T2 TR
BAg e KiE- B4R G . apk ik > WL R AR 2 X A -

Android B * ## V% edF d § H ¢ o= 2 (Component ) ¥ ™ A * A2 3
A% o 2 H - g3V ig ~ BL(Single-entry point) > R & X ALF & > WEF 4 hn
it &t # ¥ BT o Android & 7 e AR o A BP0 T
(MActivities: R—- BF Len@ * A5 > @ BRFEupkk Ve Viewsgw 5 &

HED- LIRS Ao o e X THRFRESFPERY 456 0 - B

* AR F A

s

7- B2 5B activities> e # - & FHRT L AR b pF g AR (T
# o Activities 2 & ix# 4-®l 4> F onCreate() ~ onStart() ~ onRestart()
onPause() ~ onStop() ~ onDestroy() ~ onResume() & #* it - i&_onCreate() ¥ 45 ~

onDestroy ()& & » #* pF » K 3L7n ¥jaw 975 & fe b activity ehF il
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onCreate()

onStart() onRestart() '

onResume() L

—_—

User navigates
back to the
activi

Another activity comes
l in front of the activity J

The activity |
comeas to the
foreground
Y

The activity |
Other applications | comes to the
need nmr_J— onPause() foreground )

( The activity is no longer visible )

Y
onStop()

onDestroy()

e
(&)

B 4 Activities Life Cycles. [14]

(B)Services : p+ ~ #3 F FHF > A {HEARL L PR * g o 27 EiE- LA
i R il Service o drg #afx

(C)Broadcast Receivers : & P ajcdt v B g h 2 > Bt 2557 B~ B
& % i Broadcast Receivers 4 w B2 03 £ & IR g o i F 7 % chifF 7

%ﬁg}, ’ ?njfg_\gfgwfuub;bfi o
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Feh ko siig * Android 2.1 % ¢ 2 FFEA| S E FHME S o M E LR 5

User Interface

Data statistics and export

Sensors Data Interactive

Volume : 2
Collect and platform - Dﬁé?bzie
preprocessing dlent Measurement p
|

Fl 5 AP £ < ks i

ARENERES BALHR - SEYELRERIE S - Y A TRRY
2 A (% 2 AR IR AR A W gy iAo
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Android + #p 22 SQLite FALE o & * iz ilmfy 4o T
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R DevicelListActivity
ConnectThread()
< onCreate() >ﬁ/ initView() /L LaunchActivit()
> OutportActivity()
> Finish()
\

ImBluetoothAdapter.is

OnStart() Enabled()

B 6 BTClientActivity EJZim4%

4B 6 #751 » & BTClientActivity i& B 42 ;7% 2 # activity &>t OnCreate
AP FAE LAt FH P hr i D Sensor ~ 3 B R A FR 1
BAZ o 3 F &> OnStart R AP » = e Ay 273 BAET -

(DE7ER:AERY F A5 H#Hg3 FFY F2E Nenu ¥ 2 F7 455 > 27

Mo itz FUOAR RER O BEFRETEARATIR 2GR TR
R B BFA c o> mRBALRPIF R RERLE YRR T
TR AT RIEASLE 5o FREE P o

B 7 % DeviceListActivity activity ewnfe » 1 & § 8-+ 82 gz %
ERAEENTY > FRY FEEE- RE RS HEFLIRET R
(adapter) % 3% % % =t (address) » # 7 % DevicelListActivity T = = gt
activity 2 ®3% > i& » onDestroy ;& ig

Bl 8 = Connectedthread() ;%2 i & {7 /n42 » 7 L -4 4

DeviceListActivity =¥ 2 %% =u 2 £ 7 dep = RFCOMM £ 7 #& ¢
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o

BT EER kB H EE R Y Android #% % AudioManager %

AudioRecord #g %] » B~%* £ 4% & S_ b Jadkrz B 0 L H BB TR 408 0

SignalPower #g w3+ &5 & #-5 » [ & -

< onCreate() >
|

setContentView()

!

Get the local Bluetooth
adapter

!

Find and set up the
ListView for paired
devices

U

Get the selected device
address

!
C onDestry() )

B 7 DevicelListActivity A2 ir42
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|

manageConnectedSocket() = Getinputstream()

process()

UpdateUl()

Bl 8 ConnectedThread &2 it #2
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A A NERE IR R SRS S |
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rEZEPHE LR L ET5

AR IPREER L L ETH-F ]
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ARz AP R AR A ETIE-FF 3
ARz AP R AR A ETE-FF4
AR IPRER L L ETH-FF5
AELEIP LG 2 L ETS
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ARLAIPKEERZ L ETH-FF 2
ARLAPKEERZ L ETH-FRF 3
ARLAPKELEF 2 L ETH-FR 4
AR E M AR L ELTIE-F/FD

)
|
o

T

| o
s

s 250
RRITE | EEFEHEEL

IEwRREF | 3B HRATRE A K
s B ) RN S
IR K

ﬂﬂ’ﬂiﬁﬁﬂﬁﬁﬂﬁiﬁ St RO TRV Zdh2 BBE
2001 3AEFERELBER el k2 S HE L F
FleF+ 22 A4 2 TG > FRFIFERLNREE RO K
R EHD RS FF 2 BHEA DR R0 0.5 R Ao T b 7

By mfed iR T N BFEL PR b 0 G h RS Y BT os LT

B E g REREL S S QHIRREA R FS

FRPEIE RS BN A BT B BRI L B A N

® (Classifier) f%%iﬁ%]/\ﬁa;“ CRI S R AT

1:6 2:3 3:4 4:12 5:4 6:5 7:0.026786197 8:0.016837463 9:0. 028399484
10:0. 03683096 11:0.021274064 12:0. 026965443 13:-37. 193214 14:26. 888802
15:11 16:1 17:3 18:0 19:1 20:6 21:18 22:1 23:1 24:0 25:6 26:10

27:0. 024007715 28:0. 014430743 29:0. 024046257 30:0.0 31:0. 02442387
32:0. 033474635 33:0. 028356822 34:0. 0129286945 35:0. 01200385 36:0. 0
37:0. 030742532 38:0. 048057992 39:421 40:1 41:0
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AR E RS REBBE S RE IR A T 0 2 4]

s

NN T2 % YA SR SR

V- AR AR R A 4 pFapE R e (Timestamp) % 8 975 3od%k o
BT RO L 2 i BRI B ek ¢ 5 R BT KR A B H48C

2 R BE o

16:36:19, bt, 0. 05, 0. 03, 0. 04, 0. 01
16:36:20, bt, 0. 00, 0. 07, 0. 02, 0. 00
16:36:20, bt, 0. 00, 0. 05, 0. 02, 0. 04
16:36:21, bt, 0. 03, 0. 00, 0. 07, 0. 12

16:36:21, bt, 0. 04, 0. 01, 0. 06, 0. 08

3. 2.3 5V & w H ~ (Pattern Recognition Unit)

FIFEA S P FTRZE AWk @ e BREEY FROE R TR S FD &G
2 faik % AEAEF R 2 P EF Y (Machine Learning) 4 #f = 2 > {7 T4 4EH
3ApRHAlE: o A% £ (Support Vector Machine » SVM) = j2 3% &4 4k & ~
BARZFFREFPHEEL G BE o 2 e 3 AT EHSIMES =&~ 231 2 —LIBSVM(A
Library for Support Vector Machines>LIBSVM) &4p B #= 7 :& * > ¥ # ix 7 JAVA~Python
EIRANFT A I TSR EFT o ATy H Y LIBSWM s 2 88 & »

& ﬁi%] » e gl 2 AP R (Training) » A 4 B i 2 53] (Model) © 2+ 18 > 7 4
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AR ] > B EFEFIER c FHRRESEZ AR AAVEEFEANIBLA
B AG (dot FFPE LHRs ) REEFV 5 > U fIEY FAAFR AT
L FAAEE (b o pR) LR Y Fh A AR RRE O AR Y
s Al WREY -

Ho BB 2 R AT
(1) = &2 (Scale and Check Data)

FlaspiEfef &3 e 2 (Vector) e p B > 2L EFEE N2 v EHPEE
(Attribute)s # # Fl:8 A » LIBSWM #& & # 45c(Scale) 1 & THEFP FREYF
Flo ¥ p & TR Bl VO S L FIT RS RIS R A

» # & Checkdata 1 & - f#ﬁﬂi‘ﬁﬁﬁﬂiﬁl%i?%}ﬂ%&ﬁ 2_F I

(2)3" % (Training)

Svm-train 1 £ ¥ i e d4p < SVM &4 ~ 1% # it (Kernel Function) % & 78 %8k
o~ TR A NGERIECE - § AN B RA G 0 VA LT S EE

IS M ECERCA] o A kAL 2 AP Sl TR WK Do
(3)3g B (Predict)

#-svi-train 2 2 2 TR 2 LRI TR &~ svm-predict 1 & TE A 2
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5

el

1

Wiz iedr RliEREY —‘F'f*v:“_’?f; FER UE VRIS = sNE A S I (A M S A

&
F
F o TEEY Sonidaignl o fhie 15 F LRI A7 B2 8gE 0 el e

A e e A e e A A ij
1 + 7 9 0.67 1 1 -1
2 = 5 9 0.80 1 1 1
3 + 6 9 0.75 -1 -1 -1
4 + 5 9 0.80 1 1 1
5 + 3 5 0.29 1 1 1
6 + 2 8 0.75 1 -1 1
7 + 4 7 0.50 -1 1 -1
8 = 4 8 0.67 1 1 1
9 + 3 8 0.71 -1 -1 -1
10 + 3 4 0.14 -1 -1 -1
11 + 7 10 1.00 -1 1 1
12 + 3 9 0. 86 1 1 -1
13 + 1 7 0.50 1 1 -1
14 + 4 0.00 1 1 1
15 + 6 10 1. 00 1 1 1
16 + 5 10 1. 00 1 1 1
17 - 2 0.50 -1 -1 -1
18 = 4 0.83 1 1 1
19 - 9 0.00 -1 1 -1
20 + 6 10 1.00 1 1 1
21 + 9 10 1.00 1 1 -1
oo + 5 0.80 1 -1 -1
23 + 4 0.50 1 1 1
24 + 6 10 1.00 1 1 1
25 - 1 9 0.83 -1 1 -1
26 - 3 1 0.57 1 1 -1
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27 - 4 4 0.00 1 -1 1

28 + 3 1 0.57 1 -1 -1

3 + 8 g 0. 50 -1 -1 1

30 + 2 3 0.13 -1 -1 -1
4 2 /J "“‘F E._

5 TR
,J< /'-»\: 2 é

4-Fold 2 = Z#(Cross-validation ) s #-9 B esr s = v 2 (Fold) -

MR R G KRR A RS B EUE 2 RN KA A
BE%drk 4o
TARAEE A

, . q - pRmg Y oox -

YBh | W R A SR A | B R L BLEH B %
1 T 9 0.67 | -1 1 -1 1
2 5 9 0.80 | 1 1 1 1
3 6 9 0.75 | 1 -1 -1 1
4 5 9 0.80 | 1 1 1 1
5 3 5 0.29 | -1 1 1 2
6 2 8 0.75 | 1 -1 1 2
T 4 T 0.50 | -1 1 -1 2
8 3 8 0.71 | -1 -1 -1 2
9 4 8 0.67 | -1 1 1 3
10 3 4 0.14 | -1 -1 -1 3
11 T 10 1.00 | 1 1 1 3
12 3 9 0.86 | 1 1 -1 3
13 4 T 0.50 | -1 1 -1 4
14 4 0.00 | -1 1 1 4
15 6 10 1.00 | 1 1 1 4
16 5 10 1.00 | 1 1 1 4
17 2 6 0.50 | -1 -1 -1 4
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£ i BT 3 k BRI
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BADRE UEBHFRALER L T mIEE > 2 83% P (T 5 uE
ﬁ%ﬁﬁkﬁﬁﬁﬁ¢iﬁﬁiﬁﬁ5%&*ﬁ¥§ §H SRV RS e @
AR BETE P NEHFIRR G ER . B R Y ok RE g 4

ﬁ-.j\/s ,LH.AE', ;\.?;mﬂ,\y %Tnémo
o MR EE R LR SR ek 60 4 S 2 BIAEH B RaRE - H

F ¥ kienp A 2k siauE gk o FIF Y RIUA AR 0L > © 0t wmG F ARG

AR Xk R AIA WEH TR AR RE | 2 TH iR 2, e

34



#n o

(1) %% $ & sLenpg
BTLR K SRR LM A ke 60 A £ BN ATE B AT

& FHET -

REFREH AL BE N B RS

ABLEE(EA "B
L5 gp P Rk i
* %‘ wre i i

R KRBT 0 R A

> L, Lt 52 > _\
PE k2 3Nz

I i 8 i 78% 22%
o I ™
rf ﬁ"?F_J “ﬁ*?%‘??i 3 = N

2 5 $es e T B R 2 BR A41% 59%

RRR B H S

£ 5 R R T = g P = 9 9
s * y EX R 4% 26%

A LxmiEt 32 Sk Lfﬂ“"’%‘k”#lé’w” bl & 78%’#&1\9“’*5&&*-}7" rLz

Br ARy afEs o w3 itz 2 B oo $f3r 3 BRI ﬁi‘?%’iﬁ@_% 59% -
PFRT G B E G R 3B 'f'grE'&"Lff'Jlﬁyl“« Mo Al D= EFiedkas L9 5%
’iﬁﬁ PO AR E IR TR AR TR TR R E-H T fEMAPELL

BlIZRI BB R R MALA T AR IFRZIEFP T B2 HFTL &
AT RAYFAEFET 8 THERTEY 2FT FREFY FRRY G Mo kA
MAETENEREEY N REFEFIEHFRD AT E - B %?%7,5&%}%?\,% Fueh
FER O FD G Gl R R b T4 FIRSRE R BH - WY IGLE R R
RAFTRAEV AR IR BRIRER -

BRI AL HRREEF R RFRAG ) BRA T Gk

(DRRF%REHEPBEY ST R T $ 17 2055 w2 FF - 0%tz * g g

35



(DF % o reinsic » REFHRFY &

PIZR A P e S AL B S R ARIT

72 s
=,

A 7
_:% =F I:l:. I:I:.Ej 26%

19%
gREITF
11%

___/ggz
44%

87

BRBELTREHEHTEY ST PR

WA o ST R Y LER AL URFFIEYL S

RRATEA LY BENAS K de B

W E A T F A N K

WER LIWERP  BE Y F AN VI ARARE 0 I B R AT L B

B Aima i 2o o IS FRE T i

4

—ﬁ%%ﬁ&ﬁ&fp N —3'7'5%

FENE YRR - BRI 8% ERFAL K2 gRv BT AR

36



BT

4%
H I, s
4%

63%

W14 REEF 2 5 Saste 2 o il

(@%*ﬁﬁ%@%&%ﬁ{j@%ﬁ%*ﬁ&’ﬁ%ﬁ@%i?%%ﬂ’ﬁﬁwkﬁ
»F FlEe & ks * Android T S R DRI S U R R
@5 BE 4 AR * B Android £ > & X R * 4 G g o F) Android £ 3 R
AR P ERE LI ERAMAEL TR ) ERELE N E R P

o F Sk PIAAHARIR o AT RERY O PFAFSET KERI A

R

TR EREF AT 5 ot o BS2 e B ALY RS DR i g A Rl
WA R T Tl & % B (0ff-The-Shelf)z & & 2 7§ % » v} A 1

2l ERAPMA L TV EHEY LR ARG BTLFHFRE O IR AR

B
S
I~

Foagzraermfs 7RFHRE T -

gy

37



AUEKEEIE
=EALA
HYFRRE
&
4%

B 15 9 B # )k sieind 3%

38



¥1%
BhAARRBY

5.1 %%
AFEg % Android Ay A Al R AR A2 BS2 4~ N ks m AR R B R T B
FArE

RETLEREBHEY LA PEY A EIHEYFF TR Eeyy
W I T LA -ﬁ@ﬁﬁﬁ??o§V§?3ﬁE%NL§ﬁEME§§

o ApTg it % LIBSWM AP B 1 2 ie (7 005yt - 2 4 FRRINCR] 2 FERI L /RS 0 R

BERCFEFEAHRFRET A RS AET AT AREFHR Y FEIN P

ﬁﬁyﬁ?ﬁﬁiﬁg’nﬂﬁﬁﬁﬁﬁal%' BA gL Ao

Voo I W EFF Y 752 S RE 2 FRICA 0 &Y 4-Fold 1 s T IR

8%°##Pim§’ﬂ”ﬁ%ﬂiﬁégﬁﬁ@W$wﬁh§”%1é

ANEILZ kB HN G p A PRF ALY RE o B AF B SN A A AT
3\ 5 19 54

FR i BB

BIUS RIERAFZRY F 750 MR

5.2 A kB Y

BATEAIBE G - R AM ] E R M-learning /f o TsF % cnpe i > g F
é;{ﬁk)“ L’I’hE‘.-H} y LA —I‘tﬁq’pm %‘m‘l!}:ﬂ{ #EI ’l-l» j\llf’rfrﬁﬂﬂﬁ/—,ﬁ

Fi2 2977 X FY VAL ea AT 2% A TUNFEI S A FRE G

‘FE\

BRI MG A LR W FHEE  REEVRB LS o AT SERT A BRLN

&

&
A

URA G- L FRERRETS RHORE S T RAN LYY 75 He A
B RGLA RA TERPR N A R Y F B A
ST EEETTR SELEEE DESTESE

39



lllr"l' KJI@@%J
http://www. parallax. com/Portals/(0/Downloads/docs/books/edu/WAMv2

.2-CHS-v1.0.pdf » 2 F 98 & 8 * #B~

[2)] sagg > TRndr P S sc R —BRF L pHEARR Y o2 8 o
XK 90 &

[Ble s> pAFPERGEHEHR IR RELFIRFRIFLI2FY
ok é#%a<§%ﬁk gAML v 0 AF 96 &

[4) %2 THRTOEE - LB amm@phe il o AE 24 AH
94 #

[5] ’fﬁt"rﬁi TR
4 y}a__ zaz 75 w:;f%‘a
99 &

[6)] Zzdt T2 A > REFREE]E2 A0 FEF2FY o
Bz o A FRARTE AL AREIAL S - AF 9T #

(7] =2 Fmde  TAZA VRHER | E VRS ? b FE gV FaL
RIRFLHFH A2 A3 S HARTE IHART ER LR AH
98 #

[8]) Chih-Ming Chen, Yi-Lun Li, Ming-Chuan Chen. 2007. Personalized
Context-Aware Ubiquitous Learning System for Supporting Effectively English
Vocabulary Learning, Advanced Learning Technologies, ICALT 2007. Seventh
IEEE International Conference on

[9] Eiman Kanjo, Steve Benford, Mark Paxton, Alan Chamberlain, Danae
Stanton Fraser, Dawn Woodgate, David Crellin, Adrain Woolard .2008 .
MobGeoSen: facilitating personal geosensor data collection and visualization
using mobile phone, Personal and Ubiquitous Computing, v.12 n.8, p.599-607

[10] Giles Hogben, Marnix Dekker .2010. Smartphone: Information Security
Risks, Opportunities and Recommendations for Users, ENISA

[11] Guang-Zhong Yang. 2006. Body Sensor Networks, Springer:London.

[12] LIBSVM Retrieved June 30, 2010, from
http://www.csie.ntu.edu.tw/~cjlin/libsvm/

[ 13] Mani Srivastava, Richard Muntz, Miodrag Potkonjak. 2001. Smart

AAFVREL PR A P F L HFHLR
N L EE TR 3 Y Py R ey

w"\
)

40



Kindergarten: sensor-based wireless networks for smart developmental
problem-solving environments. Proceeding MobiCom '01 Proceedings of the 7th
annual international conference on Mobile computing and networking, ACM
New York, NY, USA

[14] The Developer's Guide. 2010 . Retrieved June 30, 2010, from
http://developer.android.com/quide/index.html

41


http://developer.android.com/guide/index.html

