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Abstract: Pen-Based user interface is a primary Post-WIMP (window icon menu pointer) interface, and it
provides natural interactions for users. However, the current toolkits for constructing pen-based user interface are
built for single-user tasks, which can not support collaborative work well. This paper analyzes the features of
pen-based interaction and collaboration environment. Furthermore, the design and implementation of a toolkit,
CoPen Toolkit, which can support the development of collaborative pen-based user interfaces are discussed. CoPen
Toolkit offers flexible architecture and extended components, which can support ink-based data, event processing,
networked collaboration, etc. Based on CoPen Toolkit, several typical prototypes have been built, and the results
show that it can support construction and fast-prototyping of collaborative pen-based user interfaces.

Key words: collaborative pen-based interaction; user interface; toolkit
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pointer) /7 2, WA I AT AL ZR Gt mhoe 24 LURT P 2 ot P Z R 1) 5 AR Ab . B REAL T 1) e
HAR WIMP Ft I8 AR (10 7 1078 27 00 S (0 D e (FL B A v SRR £ 15 6 (0 B 2D RV BOR (1 5 Jig , WIMP F

ST X SRR W ST B A4 T Post-WIMP [f) LA Post-WIMP &35 & /D& T — AL FAE S WIMP (47
HAAE R AR M AL DU g ey ) S i e AR, sk O ARG S o AR L ki A HLAS 5 5 )
R, D 268 3 15 B A [ R e A VS MUAS DO Sl B AT AR 1 TR BAE 2 il 7 N5 N2 A8 3 R 355, AFLAE
HESE AR S AT R PR B NAS HAT 45, 1 3 R S T 2 AW AS HAT 4525 sk e o7 v S ML S R 10 o A i
SLPME IR, AT L % sl 2> A AT B TR 23 i) PR 5 122 R s i, 538 A AT TR AT A5 S8 A8 AN S =2 00 o B e
P TAE RIS R.

22 XM P FL 1T Post-WIMP St 1) — AN 32 TR AP, 546 ZE 10 WIMP S AR EE, 2 0T 7 S 1 i % 58 47 b
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o SRALEE CUHT I RS T A AR B B IE 2 T AR IS B AR T LA i R A O B A R A X
B0 A 1 DRI AS AL A7 23 R 28 1 A8 L H AR P N 3 1 A8 L R LA W R B B IR AF AR K
AR AP R M — R X e B IR — B A S O R T RS 2 —.
o PIGEIAG S5 UME IME R AL B R ZE LRI BN 2 A2 5 3 1 I R A B R, T B AR 75 2R R i
PRI T 2K, 2 47 A e HE O e 5 1 — B0k
o 25— [P KL AEAE I AREE WEAT S8 3R 0K TN A8 Yt i B AT DA AMAAT 9 AT RS BEAR B EAT O B8 2 A7
TEA AL R DI R e DR B A8 H T BAR TR 2 LA 48— 1 Uy 2 S HF 5 N R0 22 A WA I, AN A 7
MR 7RI & 2 (R HEAT To g% DI, o P 44— B sg 77 =K.
T IR Hr A LB I T T H A CoPen Toolkit. I [, F A1 358 M T H AR I 41 5% 45 K4« Ink 15 X%
M. FOH ., B YMERIZAT I 355 T TR I,
3 I EfE#ER
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25 RN AR DI RE 1 A BRI T S 58 N B TT L2 (R I WL, — BOvE 4 T DR R 54N sl 252 T 1) £
P — 2.

Application
UI events UI widgets
Ink algorithm Session management Consistency maintenance
Ink representation IM-Based communication infrastructure
os

Fig.1 The components of CoPen Toolkit
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FHE AT Je 1k 1 B X 43 7 28 AR A0 X3, e oy X3t B0 7 e e JB e AT 0 IR 2B R AR IR AR A4 Y ] 5
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3.2 EHERE
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T MR A BT KR, 2 5 H I A A FEE ST BRI — 1B AR 45 Tt 2 15 2 A N e AT DA 52 0F
AL Z 5 8 145 . AR SEEL MBS AL

InkDocument
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? ! o [ Amibute
*

Region

—
—
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Point Behavior

+x: int
+y: int
+pressure: double
+altitudde: double

—
*

Stroke

+azimuth: double
+time: Datetime

Fig.2 Hierarchy of ink semantic objects
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Input Info. System event Behavior Behavior Stroke Intension Task Task
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Semantic feedback
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Fig.3 Framework of the pen-based interaction process
K3 28 aUAs Fod e Ak A 4

112 MR AS FL P I A7 AR R HEAS M S IX LA AT B T2 15 38 BN 77 2 i e = TR 2 I v 1 3
25 5 % A5 S TR, B 77 ik ) 0 FH 28 AT 5 SIS 7 AR IR AT D R 45 41 A S0 77 B IR F P 1) 24 IR S
RIAE LR B 4 JITops AR SCH% A 25 0T L2325 Ul A R AT HL A P 28 e 1l S AF 20 O D 7 i iR
SRS IL P ) S B RS T S a6 B RO AU RS 4ES T BT AR
S5 A H A9 AT H A AT 55 A P AT A S B L R R BB N . Bl nE AT 55 T
PR — A TE RN B AT TR G 5 AT I - TP A8 HAR S5 i B E £ fia i Bl
3.3 miESHE

CoPen Toolkit R | T % T IM fYI A5 77 2k S5 28 A H A HE S th A & Bt B 2 v, JF 32 3 ki
2 55 2 N B 250205, RURT CUTT 46 HEAT WME AS T 25 108 7 BR300 i 4 A8 70 20 7 s 5 Ji, A 15 B4 M R 20T
MR 2% 4% 3 HF, X R R R RAE IR PME 7 ARG T0 AR AN (1 7 S 20T TR 40 #1348 CoPen Toolkit (1 9 2%

© PEBEESAWIFET  hupd/ www. jos. org. cn



2784

Sty AE BRI R — Bk e

Journal of Software ¥ 33k Vol.19, No.10, October 2008

Event
SessionEvent InteractionEvent
State Intension Behavior

£

T

Task

A

NA

.

StylusDown StylusMove

StylusUp

Content

Pointing

Gesture

Fig.4 Hierarchy of events
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Fig.5 Overview of application framework
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S 575 RSP I B8 XML 9,8 —A XML 15 RoR — AN — W 3i4E, % 7 il 1 AT XML 5
PRI B S AR 5 AR 43 1 AR R FF AV SR SO/ A Rk 4 B2 N I A PR

2> 5538 2 8] B 25 Fh G AE mT DU — AN DY s 4] 434 (addresses,userld,event,sessionld),

o Addresses: i 24 {23 8 P ) At 2 5 3 1K P 48 7 A 1F
Userld: fif i T AHL 2 535 (1) 0 45 b 5 155
Event:fifiid T AR, AR BT RIS 4L

e Sessionld: & T M BT &I bR E AT

& 6 11 XML &%} StylusMove SFAF I IE. H 7 User C W H /7 User A Fil User B ki T P E I IIE )
R LR E T U E . R MU R A B

(message from="‘initiator@10.0.0.4/iel’ to="userA@10.0.0.4/iel’ type=‘normal’)
(addresses xmlIns="http://jabber.org/protocol/address’)
(address type=‘to’ jid="UserA@iel.iscas.ac.cn/lab’/)
(address type=‘to’ jid="UserB@iel.iscas.ac.cn/lab’/)
(/addresses)
(Userld)UserC@10.0.0.4/iel{/Userld)
(Sessionld)3587b40c-dea7-401d-a5¢7-536bdecdf184(/Sessionld)
(Event)
(type)StylusMove(/type)
(params)
(x)965(/x)(y)732(/y){pressure)3.2(/pressure)
(angle)62.5(/angle)(time)1187591117(/time)
(/params)
(/Event)
(/message)

Fig.6 XML description of a StylusMove event
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SRR J2 V48 ) 0ot B A6 5 S P B A XA S B i [7] — 2 R LAt ) %, DR T AS SO IS 37 J8 treeOPT B34
29 R DI 2 AT R 2 I &5 R, DA SR S B A 11— B I AN TR X R, 2 AN T B B T X
G ) B AN 25 A5 45 i 12, e 0% T b £ P 28 A8 T ) 1 AR 12k
3.4 REHAZRN

CoPen Toolkit SR H T —Fft 2 A I (1% 45 46) 70 3 b 55 4 oo A — b A8 BAG A (0 T 58 78 m] LR B IR
A BNAS H o B T (R B N AR 2 w0 1) R SO B AT A N AR B, R T VRS2 T I BB AR A &
o T 45 R

AL G IR3B AT IR K 3R T T RETH 18123 85, 41 MVC(model-view-control )5 #4173 g . JE A4 3 %8
43, PAC(presentation-abstract-control ¥ #4173 K w . G RFE ] 3 55 A0, A W E AR AT EH
IRIPE 2 b e R AR 2 10 0 4 5 3tk 3 ) A S0, DR i AR S 3 L o R T 2 2 4 R s 1) 45 4 I B i s o A4
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% 10 2 A P e R WS R A A R AT R P 2 T (1 A 3 7 1 4 4 Wi L P A i B P R A
YT TGS S AR Ak B3 A 0 A R TR R 10 A B e A AT A PR, e B 2 38 0 S e e A e
J 4 SEAAL) P b B 355 7 5 0ot LA S 1 AR B, 1 i R T AT Ay A B R 55 A B P Ao

| Ry | | S | |'_>| | R, |__ R Receiver
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: VAN ;
' ! Sender
I |
]
I
I
I
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T
BC Behavior controller
BC,
Controller

TC Task controller

Connector

1
i H Behavior handler
1

i
Handler
Task handl
ﬁ | TH | | BH, | H ask handler

I: Local r: Remote

Fig.7 Connector-Controller-Handler framework
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A5 R0 A iy RIS 3 4T A SR T T AN [R] £ A0 BEGE 4, LA SR X 73 S A5t RASEAER . o) A iy RISz S A 45, A 95 28 ol 4%
S — B YE S SR AT IE R R A AT 55 A P 5 — AL B

18 I #Z A% AT LUAEAL 1 2 1) SR 8 — IR B0l e 2 10 10, AT 38 i 1 R 1 LSO 32 2 1) w] 2 ) 8. [ I 34
FeAR (K A7 AE AL AT R PF 7T LA AT FEAS 3] 10 4 B33 18] 78 WA 22 A TN T P (W P 8 T ), 2 5 3 AR A8 T 7 AR 1)
AL 23 20 B 45 A H IR JL A A A 300 23 R 75 K 20 S 4 S 2 55 385 (AR I A PF, A I SR SR 2 A1 5 1
A F T AZ LA S B 2 A T8 3o 7 i s S i 326 45 A58 S 42 WAL 8, At T DA 28 b 1 A A R P 2 ) £ 34, DA
1M S BN FE AT L S AN T 246 A0S 1 o A4 32 A R A PR 3 1) Adk B 77 gl vl AL I I S . N 2B A8 L
S 55 AN 2 A HL N 37 55 TR T %3 AT I 2R [ vl LA - B N B2 A8 N2 T ) S B, A . N 28 A8 T N2 A By
VRSB AE TLIN F DRes — BRI AT I SR AT R - S DL AP 37 35 (R e 8 1) 4.

cC|C]|H
Client 1
Connector
Controller
|C|C|H||C|C|H| Handler
NN

Fig.8 Connector-Controller-Handler framework
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HA RAF N A ok &4c.
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(vl N AT LA DA 2 B T FOR A 2 22 B IR G A S AR A I TAR S b Qe . S, 2 5%
AT LA B AN (R RS A S I A0 2 At TR 3t T 28 ST EL A SN 1 AR 1R A8 L T 5 P AN A6 5 3 b
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3155 EFGAL
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| FEREE= , |
Fig.9 CoConceptMap system Fig.10 CoPenSlide system
Ko tMEMSK RS K10 PEEAIR RS
5 & it

EALE R P AR R AZ 75 3 AR SR B 28 ST LA I AR 4 PR R 3 — AR I 0
A 38 T X P AR 2 A T P SR BR) 3 T AR SR 1 SO — PO i e A 2 35 1T T LK CoPen Toolkit,J 152
FE M 2E N PR A 3 AT . DR AR Ink 35 SOW G0 iR B, 345 PR A AT I A 5507 k4T T
il G AN 2 TXRE T LUK B 22 (RDORS ) B v 7 H AR SCR AL BE LT AN 5 B0 2 2% 18 IR 2 S A .
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