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Abstract: Mobile-learning has become popular as mobile devices, such as tablet or Smartphone, become
widely used. In the past, we had developed ChalkTalk, which automatically produces E-learning materials
including a lecturer-tracking video and entire blackboard image from videotaped chalk talks. In this paper we
propose a new method for mobile devices to improve the ChalkTalk system. The methods include blackboard
centric camerawork and picture-in-picture camerawork. As a result of the evaluation, it was found that the

new camerawork can better display the area that users want to see.
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Fig. 1 Scroll action by a user.
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Fig. 2 Example of PinP (computer network).
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Table 1 Impression Evaluation of size of letters in lecture video
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Fig. 3 Example of spatiotemporal image (statistics).
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Fig. 4 Example of x-t spatiotemporal image.
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Fig. 5 Example of y-t spatiotemporal image.
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6 x-t &z v JMig (FEt)
Fig. 6 Example of x-t static edge image (statistics).
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Fig. 7 Example of x-t dynamic image (statistics).
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Fig. 8 Example of x-t static edge image (computer network).
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Fig. 9 Example of x-t dynamic image (computer network).
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10 #Ty YEIEOH] Gate)
Fig. 10 Example of static edge cuboid (statistics).

11 Hry VEHEOF (32— kv FT—7)
Fig. 11 Example of static edge cuboid (computer network).
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12 BB, FERIAE O (FeT)
Fig. 12 Example of recognition (statistics).

13 Wik, WEAALEORMS (2 Ea—s4y bT—7)

Fig. 13 Example of recognition (computer network).
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ICTDOTHAH. (2) 12 & o THEERIZHERIA I
Iy VHATHLERE SN 1 OORREEL 2, HNLy Y
Mo, PIOREE LClME SN A, (4) THREHER
DREEZHAN, NEVLDIF /A XL LTHRELRD
V. F 722N S OTFNET O BRI EE X ER O &
fifio TEBRLIE L. 12, 13, 14 1%, |#EY
AT LSRR L 7o CGE R L R B OB Th D, KF D
PUFg DR L TUF D S, ZNENEEE S N E I &
BifiEZELTwa, M14 O X912, BER/MUED X
I BRNEVLFETH, MYOLFEE —HICE#TE 5.
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14 ARESEIE, GEAGLE O RG] ()

Fig. 14 Example of recognition (information theory).

4.5 |RELAM I T DRH
WEOEEIED, EBERDY ¥ A I V7, HEEMED
REETHW Yy Va2 VTR T 5. WEMEDRR
MRICBVTIE, WEREEO Ty Vg ok sh, &
Iy Va e BTIERO 1 o1y VRBEESS - 72,
Ty UPMMRO7ZRER, bbb, ERiSEOT
TR D xy BEAE I L ENDH O TH A T I - 721
BThsb., 22T, WELHET STy VGO VK
IHFEHIC, DBV OEIEEOHEEIRD, KDEVDLD
REOZEEIHRDYIA IV TL LT,

5. &

RELLFRFRICED BB 2 ERT 52 AT 4
REELZ. ZOVAT ADERT 5B A, AL
DA% R T E TV L DRED O 5 7230 2 T O FEMFEER
Ao 7z, FEEORMWIE, LToeB)TH5S.
FEREM 1 RED AT T — 7 % H e %
BORTWE T & RRTE TV 5 D RERR
5.

EERBERY 2 AGE LR ORRFIRIC X 258 E O
RTSEHMT .

FEERE R VIEEE 112, ERER 2 3FE 2 I22hth
I L Cwb, Pl#g, ChalkTalk @ & & % [H ChalkTalk,
LFEHE L2V AT LD & & ChalkTalk & Fh 2
$Z L2 § 5. F72 ChalkTalk TEMT 2 RTOBE TH 5
TDNAYY 3 OB Z & %2 IeHim & #£3. §FERIC
M7z, TCEIMOFEM 2R 2 1ORT. HetEs L O
FREBRITHR, Turo I 3 NEIROERTH L.
3, 4, 5 6, 7, 8 10, 12 13EERE % o 2k
WROKTHL, —J, K2, 9, 11, 131 FaryEa—7%
v M= O THA, A 2—FFy NT— 73K
EBROEBS R TIE VDS, EBRNGRLE /707 T3
VLRI EERO#ERTH L. INHORIE, et
FHROHEFK L LEFROFEHROWH BT, EL RHE
FTRETH LI LR LTV D, FEEB A ZI3FER
O BALOMENE, By p B A4 X3 CR Az & & OEK
DIEEZEL TV 5.
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® 2 ERICHOWIICOMREH

Table 2 Original HD lecture video used in experiment.

A X [E7N] | BE [seq AR FEMF A X | By B A X
B 1 1920 x 1080 180 | 7urs3Iv s 7.5m 1719 ¥ 7 &)L
By 2 1920 x 1080 180 it 7.5m 1685 €7 + )L
B 3 1920 x 1080 180 Yy Pt 4.5m 1596 ¥ 7 &)

R 3 WHREDOTEN X T T — 27 O4HF

Table 3 Anlyzation of users’ manual camerawork.

W | cEiE | Sy =y sEE | S

A By 1 T Sy B LR, AREDSBES X9 18R L TWw A REATREW

B By 1 11 | #elrg A L[k

C B 1 11 | ¥ A ke N2 <, BEolRETRET L) 2=y 7FiRon

D B 1 16 | BEAMES L9 122 IE L TV AIRRASEV. 2 OOREEZLHIZRLEANRS L) 8y = V9
R sh:

E B 2 46 | lE L FICRRPOHBMICELETOLLTST I B2 7, BIY, #EoRELBEE

WTWBEHROREZ LIRS X9 8y =0 7FosmE R s 7z

F B 2 22 | MEZFICHLZPOFHEMICEDETL LTS T IR r=0 7, BIUY, #BEolREr RiEs
LonwnNr=rrEsng:

G B 2 20 | ERIOE X I2EDbENY U IHE L RSN

H B 3 29 | B X ONE L-ERIIREE, 2 UNOHIRY) COFMTO L ZITF#EMEZ LS X9 72
YoV UHR SN

I By 3 18 | BEB&H H & [Flfk

J B 3 16 | HERTH Y AW - TV 22 VIR ATE W

5.1 EBg1 x4 BWHEOFHH X T —  hifE & HIH ChalkTalk B
FEBRLIIEBRH 11 LTHBY, # ChalkTalk O BH A 77— 7 MEOFIHEE (B €2 2L)

ARSI AT FE B I 12 BV B HEERE AT 7o W T & R
TETVLPFHET 2EEETH L, TIWHEELRVE
2 RET 5720, HEBREIBEOEBRTHW M A
A7 O —VA[REREIM T LAY EFEEDO Y T v 2T &
W, BEREICTEEAHEL T o7z, THDEEDR
70— VOBRRIZABWICRFINTBY, £71L—41
BOWTHBREP R T @& 20T & 5. RICEEO X
7L —24I12BWT, B X UIH ChalkTalk 23ERK L 7255
BEOEE T AT T — LB L, A7 T —VIEEDS T
L7z EREDTE D A 5T — 7 h0E & OifE% ko, &7
L— L 2BU A EREE RO 7. 2 OREED R E N S
WII EBERE S WETZ R TE TR LEZLNS.
5.1.1 EEREMH
FEBROWEBREIRFEEI0ANTH L. ERICHNZTO
B, £ 2 CRLASHEEOBE TH L. BE S
L 4 ¥ B X OFIH ChalkTalk 257ER 3 % i@l o4 1 X
I, EHI12480x 272 ¥ 7 vk L7, FEEREEBOHIY I,
AREEIE 7% PCE=F ZHOWTEBLZD, Av—
M7 4 YCERLIEGEEERPAELRWE ST, HEH)
[ % iPhone4S D74 A7 L AH A XELFELIZHRD LI
PEARLTPCE=FICHER LPERE IR L7,

5.1.2 EEER

WEREDTEN A AT T — 7 Z M LR RE2ER 3 (12
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Table 4 Difference between users’ camerawork and system-

generated camerawork.

# ChalkTalk | |H ChalkTalk
2] 93.69 158.81
TR 2 41.43 82.94

T T NOPEEE b RE L FEN S R LD &
LNy PR LN. AT, BEOREERET X
ANV TUWEHRE C, D, E, FO4 ANTRLNT.
T/, BWEBBEOTE N A 57 — 7 (@& L BB O H )
ﬁxﬁW—ﬁﬁ%@ﬁﬁﬁ%%i4:ﬁ¢ IH ChalkTalk
DFEFREW 2, # ChalkTalk EREMOHBH £ T
7—7&% I, WINLYFREOTE N 2 77 — 7 gl
I DEL o7z, MO IZoOWT, FHlEE
KHEBRD t E AT o728 THHBEEDVRO LNz,
AU ChalkTalk DB AOH X T T =7 10FEWZ L %
EHRL, XoT, # ChalkTalk ix, £V ARIZE>TR®
TVERBMSER TE AL EZLND,

5.2 EER2

EER2IFIFEBEHM 212G L TB Y, R & GO [EE
FRICL DEEDMO AL T S 2T 2ERTH L. £
FHEEER (2HH ChalkTalk 251ERE L 72732806 0 5 BREEN
GEHli 2 T > Td b o7z, FHliEE X [E%47) DIcZ
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B 15 2 O
Fig. 15 A scene of Experiment?2.

x5 FIRAFMOHEHR

Table 5 Result of impression evaluation.

| otk
[H ChalkTalk 2.11 | 1.11
# ChalkTalk (PinP & 1)) 3.89 | 0.61
#r ChalkTalk (PinP % L) 3.33 | 0.75

DOFEFXFE TR LT V] T, 5ARLT W, 125H 12w
L7z, FIRGEHiO® &, BlORRL S 3 ITOWTE ) K
Ul A vy Camttorz. 3L T S ) EHREH
133710 ChalkTalk @ 2 %12, 37 ChalkTalk @ FEEH) 1 O
PinP ZLObDOEER L I a2 Nz T3 s L.
5.2.1 FEREM

FEEOWERE T RFEEINTH L. 9 AENEFNIZIH
ChalkTalk & # ChalkTalk (PinP & ) & #r ChalkTalk
(PinP 7% L) @ 3 MO HEE I 4 I L CEHli 247> <
b oo, T 2 HEFRE) O NEE R L O AT,
WHRLRD X)L, EBRICHWITOEREIM X, % 2
TRL7:3HHEOBE CTH 5. #RBE O 1 X1 480 ¥
7 &)V x 272 ¥ 7 )V, #F ChalkTalk O EFBIE 128
\J5 PinP O 4 XIZ 50 7L x 50 ¥EZ Lk L7,
F 72, ¥ ChalkTalk DH AT 7 — 7 I2BWTHMREL FR
TAHRMIZ 0L Lz, BRHEIE3S AT T4 AT
L 4 ® iPhonedS TF 1 A7 L A &I AL THAEL
(3 15).

5.2.2 KERER

FEERZAT o 724G R, Kl ORI T8 B X 0V
BES DL o7, ZOERIZOVWT, WA EK
SR TR Ay == UMEEIT-72L 25, IH
ChalkTalk & #r ChalkTalk (PinP & Y ), IH ChalkTalk &
#r ChalkTalk (PinP 7 L) T, FEEIFROONZ. 20
7o, MCEEEMRA X T T — 7 ORI L, SR
EIARERTVWEWZ L, PP H D) £ LDOEIZDONWT
HEETIBRDO LN o7,
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£ 6 M ChalkTalk iBsB) M ICB§ 5 1 ~ & 2%
Table 6 Answer to interview about old ChalkTalk.
R | A%
6 AT 2 BB B IR E W THRE S RIZ (v
1 BE LR ALBUPITTVTEY - 72

R 7 # ChalkTalk 3Bl (PinP & V) 1T 51 ¥ 5 € afhf
Table 7 Answer to interview about new ChalkTalk (with
PinP)

PR | %

6 PinP T B> ThE ) RLdh o7

2 PinP THREDVRRICC BB EDNDH T
1 FERTATR A T CTH RV

#F 8 #r ChalkTalk i#ZE)l (PinP % L) IZB§ 54 ¥ & ¥ affif
Table 8 Answer to interview about new ChalkTalk (without

PinP).
| W%
4 DSR2 R VO EIC R B

2 W& MBS 0912 L 723 A D 71 A T B ASE
ncTtwa - Hyxs

Ay CaDfERETR 6, BT, T8IIRT. TNTh,
[ ChalkTalk, #F ChalkTalk (PinP & V), #t ChalkTalk
(PinP % L) OFZHWIIIT LA vy CaiERke Lo
72bDTdH%. |H ChalkTalk B (2xf LT, Ao
AEFRT DT THESRICCVWE W) BENLZER
WEW—/T, PR ONTEIN-o72 v HENLE
b dH o7z, H ChalkTalk (PinP & 1)) 3B 12D
TlE, PinP THEMiAH > TWAEZ LI L THEN G E
RA% L, fix R7owv e v lBEoeRICInZ 51T
WheEEZLNA., T2 PinP I2 L o TIHEDNRIZ 2o
7o) BEOIERHC, WMEIZARLZTwEIvwEn)
GEMNZERLH-72. PinP 7 L OB 20 LTI,
PP » ) Db DL, R YEMPRZ VW E2lg
W ArERPEL AN, FWEBEROI AT T —2
IZOWTH AT BRBOMELIBHTLIER D72,
FIGEFMiIC BT PinP & 1) & 7% L THEZEITFRO S
LBholZlZb b ST, 0L RERIH ChalkTalk
(PinP » V) D& X |2H D720, WEZHOIZFER
LRBHEASHE > T2\ & X TH PinP 12 & o THEMOET
PPN REBRE 2L LEEONT0TIERVWAEER S
N5, Hr ChalkTalk (PinP & 1)) OEIGEHM O FIFEA A
3.8 LEKETHALZ L, Tz, A v L aiERbHAL
BRPL W EH, HEORRTE, HART S5
Wik L7zEwnwz 5.

6. EE

6.1 EEFERIZOWT
FE LICOWTHMI L 72 EBR 1 ofER LD, IRELD
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AT =7 IHBEOR - REICL Y EDS TN b
oMb, L OWEREDS, WELHEMIH L2 & X
RS2 X ICTFEA AT T — 2 EZRAELTED
WEDHE D TR B D07z, FEEEL:
WERLDOA XTI — 27 TlE, WEEHATOPLIIER

L PinP Tl & M ICERT 5720, HEPmIZRS 2
Lidd v L7zho T, MEFETHFRTETWE LE
Zbih,

M 2 1IZDOWTEHI L 72 EER 2 OFER LD, HEE L
WA AT T =27 % 70 d 5, PinP CilMiORET-% FoR
5 FEIEBRE D S BVl 2 1% 5 0z FRIC PinP T
WIS TWTHRT o2 W) BRIZ L, —ED
RN H o7z EZ NS, FTLHELTORE ZIZOW
T, FRTOMEICLY, A4 v 7 o OfRRHOE
Hid%morz720, MELRWEEZLND,

6.2 SHRORE

42 2DFERPHREDOFIRICET S RESAH D
Motz. A v ELTHLNLERAD [PinP THRENH
AL BB ENDHL] LI BDOTHL. RELLS
A7 7 =27 TlE PinP OFRVELZZEL TWadh ol
OTHbH. D70, PinP OFE/RAE & AREE Z # &
L7z A TREOPEERTZERRTLEEZ LN,
AR TIE, [0 T T OWE| TEICERTHFE
RIRE LI, REETIE, 1200 [DEFLTHORE] %
FORT LB, EMDEEZKD > THhEH—EREH (10 /)
FORTHEIICL7. SOOFEBTRINEIILE, LD
HVIEHEN S ENBEEIATONTB Y MBEIZE L 207
A3, AR o RIS R S AR E A T b L
EEZ, MUEFOESAADY £ OWEL LTEH#ESI
5L, WEERIENTET SN, ROREVFRRIND
T T LGERH 5 EEZLNE. % OWE
AZANVIIHIETEDLEZEZLD, 5BIIVEFLEFDO
WEDEIIL U THELLRT ARMEEET L L L
R L7z,

7. BbHYIC

ARTlE, HEHEREN G > T 2V IZBIT 5N i
KIANTOFRTFEEBFTBLOIREL, FOERE;FEIZO
W U7z, EBRICER T WIRE L TR TR O %
o7z R, WELHEMOWM ST % +5ICERRTETBY,
WEE P L IdEmVEHEiZ 55Nz, F—FT, WEOE
RICEALTH AT T =27 LORERD BRoh o7, 4%k
WELZHEICL T, LVRRTERT LI LANEE
THh.
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mRt E (ExA)

1966 4. 1989 4FBEIL 2 K3 T
AR TR AR, 1994 AR
K5 B B LB ZE B 1 2 R s
T. L (%), AEELEay 2
2 (BR) At 1997~1999 45+
Oy 7 280 7 )V MFFZERTEEFE. 2002
a4 7 &) R TR EIZ, 2011 44 H X ) AR
¥z, BAELESL, FSVv=T0xT, 2y NI—=74%—1
A, AREHREHE O EICEF. [1T TEXT 26 Web
Feafr), [T TEXT I Web $4fi] (4 —24t). DICOMO

2003 EFHm LEZE. ACM &£8.
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