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Abstract

VNC(Virtual Network Computing) is a desktop sharing system based on the RFB(Remote Framebuffer)
protocol which allows you to control a remote computer running a VNC server through a VNC client(or
viewer) on a local computer. To exchange information between the two computers, VNC provides the
functionality of sharing the clipboard contents. Unfortunately. the current VNC softwares support only the
clipboard text contents, not providing methods for sharing the clipboard multimedia contents such as images.

In this paper, we extend the RFB protocol to share the clipboard contents composed of text and images.
Also, to support the developed protocol, we extend both the UltraVNC server and the JavaViewer VNC
client which are free open-source softwares. Through the developed VNC softwares, users can exchange the
clipboard contents including texts and images between the remote computer and the local computer.

» Keyword :VNC, 22 ol A=ZE0{(Remote Access Software), RFB Z=2EZ(RFB
protocol), UltraVNC, JavaViewer, B8I2=(Clipboard)
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Fig. 3. Procedure for the developed YNC to send the
clipboard content of the rernote system to clients
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Fig. 4. Procedure for the developed client to store the
received clipboard content to the local system clipboard
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Table 9. ImageSelection Class

import java.awtdatatransfer.+;
import java.io.l0Exception;
import java.awt.*;

public class ImageSelection implements Transferable {
private Image image;
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ublic ImageSelection(lmage image) { R
1 geoelection! F: 4 . .
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this.image = image:
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public DataFlavor[] ) ‘ Xolle ZeiHc BEAE 2AANe 2
getTransferDataFlavors() { AutoClipboard 2l ol MXehs 71sS Bic)
return new DataFlavor[]{DataFlavor.imageFlavor}: = or= /o= T
' olnjx| BHIXE 2HA[AR| ElH o] X
R ” ) ImageSelection Asty| HslTransferable CIE{HOIAE 0|
'/ gturns true_l flavor is supported 230] 738 Zaprolt
public boolean isDataFlavorSupported(DataFlavor flavor) {
return DataFlavor.imageFlavor.equals{(flavor); BA|AI0| ZRiE o XA ojojX|} &)
b RtfSelection AEE #8ist FHIXE Transferable 2IE|
Ho|AE o|Bslo] TFEEH Zairolch
// Returns image
public Object getTransferData(DataFlavor flavor) throws
UnsupportedFlavorException, [OException {
if (!DataFlavor.imageFlavor.equals(flavor)} { q—g— [_‘j_aln 5] 7}]%%]_ VNC /\-]l:HQ} %E}OIQE_% /\}«%—
throw new UnsupportedFlavorException(flavor); N .
; slo] FYET oA X-window YHAAARIM A=
return image; =3 i?é‘}\]_/_\_?‘iﬂ oz @%\_f‘s} é;}o]r;].
¥
}

asiif "
38T { = l'l & q 44?5,:‘
FEYN— &’.. il

E 10. 7H2E SRl0iE| EE = FTIE HME
Table 10. New/extended methods in the developed client S 5. Hrex fAALEC| FRIFC oS
X-window 2ZAIARIOR M5 0f
L_ Fig. . Example of sending the clipboard image
x %3 ==
Fapa 71 S SEE o= in the remote system(windows) to the local
ol e system(Linux X-window)

=]

rocessNorma H&E2  ServerCutimage
VncCanvas | P olARIS ServerCutData ol | 42, 2HA|AEO|A YZHA|AHIOZo| ZPYHE

|Protocol L
AR|E Qg & TR &E - _
S olulx| M&g ¢lst RFB =2E£32°| HE

MaHES Q|Z4A|AE|0] T2
readServerCut EOOTU‘I_Xé_‘;;ﬁ;lﬂESFZ Ik VNC A H", Z2lo|dES] Y
Image iaﬁij": M| ol 7t e geloldERRE 2AA2RlY FYPET ofu|x]
RfbProto MLk 2lZdA|AE0l olo|X| & 7R VNG A E%S}E% el 7H—‘£'% VNC V}\ !
of siresl sy seyge | 71 BAN2RS SYEEC A28 AYSIES F4Y
readSonerCul | meixg szAcuel Fay | TR (29 6)& JheE FPoldEs) FRRE olnlE A

=of] MEst| Slsh 715t oy wo] Agsk= Aot
ME




daEBd ozl FHE FHEE 82 FHF A8 VNC AHle SdoldEd] 84 123
th 2 F 934018 sds] d8) edoldE detE

Utravecviewer: iwindosdrivated
2Y 42HY
SRS WU AX

aze
Java iewer

UkraVhcVIewer setCutRif
java.awt.datatranster. Trarsferable MEHE

1ava.jo. duLE WE

1

|
e
JpuStraa

m;mzwtmcm
$ave.io.) i WL

HIDIEE B MENT 8

wekeChent!
AYBBRRERY
ClerxCutData Ol AL RS
B0 M0 BE

HANRFBUZEFY
CiertCatImage GIAI KHE
SH M0 B

2| 6. 7idEl ZejoRlErt SRIEE opiXlE HEshs 2
Fig. 8. Procedure for the developed client to send the
clipboard content of the local system

g gelolAEr} S8 22 S AR S My
o ZYHE oA & HEepr] A (F 11)elA Eolm
A MEL RFB Z2EZ vAAE F715t, 2} vl 9]
& ClientCutTextd] T2 F4sps vAlx] ¥4 =
dAE (R 12)0 71 e AHith 2 djaAlE onlA|
P olvjxis} P2Ert EFE FUE AF] A8 Ao
Haict,

E 12. Client-to-Server HIAXjol} Z718 sAX|
Table 12. New messages added to the Client-to-Server
Messages

7 ClientCutimage | E=i0I2lE ERI%.=0] ojnjx)
. glolle BRE=e saso ofp|
8 ClientCutData At ERE Mg

71& JaveViewerdlMe 2zAlAH9) SYHe €2E
& Mol "3 HelA Text Areacl] H2AEE Eoj @
' BHE Al 3tk dE FeolEr SoldE 9
=87 843 2 o 2280 YR e ZRast g4l
HAEAE AARIEE vt g FEEgge] oA g
Hr3517] el olnjAE g3 e EEE Y e
5 243l AFIA Ho SEeldE g ug4ds o

Az RS W, e SYEse FdAE dof # m
£ gl 99 2o7] AYE AT £ AEE I U
(¥ 13)& /EE Zefo|dEe] W oloh

B 13, vigdE SeioliEs S5 Ui
Table 13. New/extended methods in the developed client

windowActiv JavaViewer HTR7} a8 59
o 2 o ZPAREe] B3PS WAl
ate 25 HOIBIEE BT
setCutimege2Servertid DIBENCR
Cutl uiglEl 29z opRE XH| 4oz
UltraVne | S5 -HT898 | xaspl 2104 javaio.OtoutSiream
Viewer HAOR WSSl HiMe
FolE ojdeR EgRc e}
Oloix|el SAEY| ASIE MY of
setCutBtf OlZig At a3l &3l st
0f java.jo.OutputStream EAQ
B oifshs oiME
setCutClip2S | ZitlE SgE= THXe| gag +
erver 2517] Al 718 ks
AutoClip ga¥e U opiXiy o
board | serCutimage? | javaawtimage Aol Sawc
Server olojXlE DIBgAlCZ wEslo] Ay
2 TSR] Hisio] st oiMs
writeClientCu { Asioll BRIRs opix|E X&sp|
timage sio] Bt tiME
RfbProto . ABjol| ojnixiel Hasy| BYE 2
Hrienentl | gms mexs was) ot 7
t 7Pt tipMe

HEE VNC A& ClientCutImage®} ClientCutData
WAAIE A (28 7)5 28 B3E AA 974259
Rz Edas A}, 58 (& 14)w AgE VNC
o] g5 Holm gt



124 WE PFEFREE RIGH2008. 7)

vreCientThread::nn
DB IRER
THAIRT 0

BHE UraWNC At

vrcCientThrad:inn
HIOIE i gl
RFQICIENS

Hi2e 2222 08

JIE2ERE

HIOIE H1E B410]
OIBIXI GIOIEIS
DI GIOIX HEE B8

vreServer:Updatel ocalClipRIf

vncDesidop:;
RAH ALER
BUYCH 8E

T2l 7. el UNC Mei7t SRI8E ZHIRS fizAAgel 21T s

*she b

Fig. 7 Procedure for the developed VNC server to store the

received clipboard content

T 14, 7HE YNC MHe| &3 U8
Table 14. New/extended methods in the developed VNC
server

7} e MHEEH ¥

olE &

vneClient Zixie ozl St
O[glE7} FEst SRlHe Zdl
X9 galg FHE = UTE
EEsin ojplx|e} 4% DB &
Aoz oS ojpiX|el HAE
7} &8tE EElEE RTFEAC
B2 oISEE =E

vncClientThread run

vncDeskiop Beflxo|
setCilpimage B8 25|
Ystod Fo8 s

Updateloca
IClipimage

vneServer
vneDesktop el

setCilpRtf 58 23|
sj0f 75 g

Updatel.oca
IClipRtf

Fgge AL SRS
oleiilE eiAlAEel SRRE
ol xfztel7| Sisiod F7iet e

setCilplmage

vncDesktop Tapge zEArgel ofixiel

EAE7) SfE SRiIEC Zd
B HHAoHel 2yRsd

xEsp] fislo] FoiEE Ee

setClipRtf

e (28 8]S ke VNG Au|e) Zalo|dEE AR
sl FYBE o|n|AE X-window REA|2EloiM Ax$
Z YA R0 AEE doln),

o | From S bt Ont | ted

218 8, X-window BZAAHOIM M= fHMAHOR
BB = opixjg M&st of
Fig. 8. Example of sending the clipboard image in
the local system(Linux X-window) to the remote
system{windows)

V. Tdn

FYURE UAE FHE 7 U=F WEE VNC Auish
ZoldEe] HEAE AFTTh o (& 15)e LEan
FNE GUI 97 Ao} =782 7 g SHEE 2da
e SUEH S9EE Fda ¥E Hon glen ¥ =
oA A EE VNCTe] g2Es ojulz|z} E3tg
HEo

my o ool oy

THE Adstn A

E 15 ¥4 Hol TP HnE
Table 15. Comparison table for remote control tools

ge BE Bex
o | o
fEAA BANSE | mEAE ) ) B
AR (M) @k | © x| &
Hre= HrER=x e} X X
Hre=E 2isA 0] X X
RealVNC
gisA HeR= 0] X X
aisA 2= (@] X X




H2Eg olnjA g FAE FHRE &

2 FHE 98 VNC At ZeoldEs] 8§73 125

HEE= HEe= e} X X
HTP= 2lsA o} X X
TightVNC
2len ez e} X X
e 2l 0 X X
HEP= HEPE 0 X X
= EIEES O X X
UltraVNC
2fsA = X X X
2hsA s X X X
HeR= glee=x 6] ¢} o}
HER= 2iEA [¢] 0 6}
THEHE VNC
2fsa Hrex X X X
2iEN [l X X X

ZHEE 248 59 ovlA] E¢lx T 288 24
g}, 9AA 250 2E DellAte] Power Edge 1800 AH
Al 2El g ARSI o] AlzEle] AUE 3.4GHzS) A% F
749] Intel Xeon T2} 2GBe] F714A 2 A E
Utk dAXN A" ZYEL olo|ATATES] YJri2
2003 Mulelt}, 24AsH0RE Intel HEIY4 2.0 =2
AMet 512MBel #7194 8 PR Al2glog Cent
08 5.1 #%s ERES AMGIT), § Alagle 2% 31 4
7o ES A4E 4 ¢l NAT 37402 935« ok
(£ 16)+= 7/Ed VNC AHel Zelo|9EE 58 SR
ez ¥ 298 ATE BT

H 6. E8Es THX HE 42 AR (2 ms)
Table 16. Time for transferring ciipboard contents

500KB | 378 m 1009 | 297 660 730
1344 | 521 827 914

1517 723 1022

700KB | 540

™MB 603

A9 2L F9e 93 Alagle EYEERRE FUAas
&80 Agehd, B Alaglel S8R Hdehet)
72 A8EwE ATeltt 7K AV7E & 1IMBS HlolHe
DMB(Digital Multimedia Broadcasting)}{14] #Hx|e} 2~

Al g 2718 ARG 4 don, 3 409 s
A £ gl Frlolt), FYEE oA F4 7152 AY
SIEE E VNCHu 9} Zelo]dES AMESle] 1MB 7}
2ol dioje] 44§ 228 2431 Qe A1 el 88
& itk BUg AN fipE o]43le] IMB 7Hgke] o]
HE A$de o, 1% [2ujwe] AlZle] £04Eg YR
= 2 Ag 2aAZke] Ao} vimsled A Aol b
| et gl Z]NE 48 Edlod dolg A4kl
& $3she Zlo| WMan g&Hol}

N

VI. 28

VNC Z2a82 44 GUI 94 Ao =371 AdeiA|
% okt ZYET] 9ol AYstug, Aduyl §4
& E3lo] Cht EEe] NS shie 22 Alad]
A zelstet Wi HEETh & 924 A4 47 A2d
£ 27 Nadle ojEgAeldd) o] dE 4 doed, F
714 ol el 47 AAAE FAl & & U ¥4 Aol Ty
B2 YT £ Ut THAEY o EFA o] HEl
27} & YA ol Z|HoxiTke] Sz mgle] Yo, 2
dz nfs 44 37|98 SHURsE Faehe WE S AN
g Ao] 7Hsict,

Al 2Ashe BMEE olnix|e) YAk o] dd 9}
€ st difdeltt. zefu 71& RFB ZREEH
UltraVNC A, Zelo|dEde d2E Hejo] SPHT
FHaT FH3he Ro] 7Fediin). £ =RelMde daE
o] SYHT TR tBe], o|uAE e YR
= Zdz FHRE 9ldle] RFB Z2EZ AR E 2331
or, 843 RFB Z2EZ¢ Al 4 Y=F UltraVNC
o} JavaViewer® #4eht. o1 23} de VNC =213
& Bl Y EUE o] dAEg on|x)7} g8 U
B oA FHE 4 A HAC T B =EolA o)
FA & wav FRIAY htm] 2da9) 22 delnjtle) &
d2 GA] AR A4S Fole] SHEES B 2 RIS
349 5 A& AeF 443t olel HEo] Aol 2
HEQ7 RTFE SYREE 53 33 Sleid 285
FHEE AS5lo] AFFE Fole 71g0| Yo Aoz B
gen] o o|zj3l BEL AU VNC FYEE TFH
7PEE ML dFolrt,



126 EE HFEEEREE HEE(2008. 7))

e

il

AT

{1) Tristan Richardson, Quentin Stafford-Fraser, Kenneth
R. Wood and Andy Hopper Virtual Network
Computing, IEEE Internet Computing, Volume 2,
Nurrber 1, January/February 1998

(2] “http://www.uvne.com’, UltraVNC

(3} “http://www.realvnc.com’, RealVNC

(4) “http://www.tightvnc.org’, TightVNC

(5) “http://www.redstonesoftware.com/products
/vine/server/vineosx/index.html”, Vine Server

(6) "http://www.symantec.com/norton/products/
overview jsp?pcid=pf&pvid=pcal2l’, PcAnywhere

(7) Omata M., Go K., Imamiya A.. “Augmented Reality
Clipboard with the twist-information presentation
method”, Advanced Information Networking and
Applications, 2003. AINA 2003. 17th International
Conference, 27-29 March 2003 Page(s):392 - 399

(8] Tristan Richardson, "The REB Protocol’, 2006.

(9} “http://marketshare.hitslink.com/report.aspx?
qprid=2", Market Share

(10) Charles Petzold, “Programming Windows, 5th Edition’,
2006.

(11) “http://msdn.microsoft.com’, MSDN

(12) “http://iava.sun.com/j2se/1.4.2/docs/api/,
JavaTM 2 Platform, Standard Edition, v 1.4.2
API Specification

[13) A=, A9e, o|AE, "el5s AlarldAe] Aut &
HEE Fax oldee] HA € 7, FHEAE
3], EAE<3], Vol. 30 No. 1, 20039 4€.

(14) o124, "DMB AMH|2¢] vl e w3, H.264", I=1
%333, WA A9E M43, 2004. 12, pp.
26 ~ 35

20083 24 : gistlw A
BENFIE 24

20084 39 ~ @A Ew A

FeARBATIR iy

TRl ¢ PAAIzE], 9F AR

g, TdEqa, iz

2o
ol £ %
20089 249 @ &gtw AFEly
BEAFEL HA}

20088 39 ~ @} Sigta A
FERREART. iy
AR} W FuA2E, WY

Az

oo 5

1978 ¢ #AEw AR £
ELA)

1981 AMedigta AREA T
4 (1A

1986 ¢ Medida AnkEAS
My $8

1980 ~ @A : i BRF

AFEF m
THEF TR, BRI S
oy =

19804 : Atgchehm 45k 221D
19824 : gRsEplee Buskt &

AEAD
19919 : g=aspled ARl &
G

1982 ~ @A)« Sl A
BEEAFET (2

19933 ~ 19949 : vl ¥R o}
e} wdug

20056 ~ 20069 : vlsr Ay
o} U3t wFwS

PARCE ¢ IR FRAIAE), T2
i]le],  NEEo
#, AEFRE A
EQ3a Za ) $3



