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DISPLAY SYSTEM, NETWORK INTERACTIVE 
DISPLAY DEVICE, TERMINAL AND CONTROL 

PROGRAM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a technique that 
presents Screens of a plurality terminals connected to a 
network on a single Screen of a display device in a multi 
window presentation fashion. 
0003 2. Description of the Related Art 
0004 FIG. 25 shows a structure of a conventional dis 
play System. Connected to a network 210 as shown are a 
projector 220, a notebook computer 230, and desk-top 
computers 251, 252, 253, and 254 as network interactive 
display devices. Further connected to the network 210 are 
tablets 261,262,263, and 264, each of which directly inputs 
drawings to the projector 220 and inserts data in the already 
projected drawings. A Screen capture Software program is 
already installed on each of the notebook computer 230 and 
the desk-top computers 251, 252,253, and 254. 
0005. In the conventional display system thus con 
Structed, the Screen capture Software program captures the 
content displayed on the Screen of the notebook computer 
230, and the captured image data is then Sent to the projector 
220 through the network 210. The screen presented on the 
notebook computer 230 is thus projected and displayed on 
the projector 220. Operating a remote controller as an 
attachment to the projector 220, the projected image on the 
projector 220 is Switched from a screen of the notebook 
computer 230 to a screen of the desk-top computer 251, for 
example. 
0006 The image presented on the projector 220 in the 
conventional display System is one of the computer Screen 
images of the notebook computer 230, and the desk-top 
computers 251,252,253, and 254. To compare the contents 
of one screen to another of the notebook computer 230 and 
the desk-top computers 251, 252,253, and 254, the user is 
forced to Switch the Screens from one to another. There is a 
growing need for a function that allows Screens of a plurality 
of personal computers on a single Screen of a display device. 
0007 To satisfy such a need, development efforts have 
been made. However, no Such a display System Satisfying 
the need exist. For one reason, a large throughput is required 
of a projector (a network interactive display device) in a 
display System, and a workload on a network also increases. 

SUMMARY OF THE INVENTION 

0008 Accordingly, it is an object of the present invention 
to provide a network interactive display device and a display 
control program for presenting display Screens of a plurality 
of terminals, connected to a network, on a Screen of a display 
of the display device in a multi-Window presentation fash 
O. 

0009. It is also another object of the present invention to 
provide a display System, a network interactive display 
device, a display control Software program, a network 
interactive projector, a network interactive plasma display 
apparatus, a network interactive liquid-crystal display appa 
ratus, a terminal, and a control Software program, each for 

Jul. 8, 2004 

presenting display Screens of a plurality of terminals, con 
nected to a network, on a Screen of a display of the network 
interactive display device in a multi-window presentation 
fashion without introducing an increase in workload on the 
network interactive display device and the network. 
0010) A display system in one aspect of the present 
invention includes a plurality of terminals, each terminal 
having a Screen capture function, and Sending image data, 
captured using the Screen capture function, over a network, 
and a network interactive display device, including a dis 
play, and receiving the captured image data transmitted from 
the terminal through the network, and having a multi 
window Screen presentation function for Synthesizing the 
captured image data into Single Screen multi-Window format 
data to be displayed on a display Screen of the display, 
wherein, as processes required to present the Single Screen 
multi-Window format data on the display Screen of the 
display of the network interactive display device, the termi 
nal performs a size conversion process of an image size of 
the image data captured using the Screen capture function 
and the network interactive display device acquires the 
captured image data Subsequent to the Size conversion 
thereof from the terminal, and Synthesizes the received 
captured image data. 
0011. The size conversion process for a multi-window 
Screen presentation function is performed on the terminal. 
The display System presents the Screens of the plurality 
terminals connected to the network on the display of the 
network interactive display device in a multi-Window format 
without introducing an increase in workload on the network 
interactive display device and the network. 
0012. In the display system of a preferred embodiment of 
the present invention, the network interactive display device 
may divide the display Screen of the display into windows of 
the number equal to the number of terminals to be displayed, 
may determine a display size of the window assigned to each 
terminal to be displayed, and may send information of the 
display size to the terminal, and the terminal may perform 
the size conversion on the imageSize of the captured image 
data to the received display Size when the terminal receives 
the display size. 
0013 In accordance with the preferred embodiment of 
the present invention, the terminal performs the size con 
version proceSS based on the display Size determined by the 
network interactive display device. 
0014. In the display system of a preferred embodiment of 
the present invention, the terminal may further perform a 
color conversion process on the captured image data in 
accordance with a color count of the display of the network 
interactive display device before Sending the captured image 
data to the network interactive display device, in addition to 
the size conversion process on the image data captured using 
the Screen capture function. 
0015. In the preferred embodiment of the present inven 
tion, the workload on the network interactive display device 
is further reduced because the terminal performs the color 
conversion process before Sending the captured image data 
to the network interactive display device. 
0016. In the display system of a preferred embodiment of 
the present invention, the network interactive display device 
may also Send the color count of own display to the terminal 
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when Sending the display size to the terminal, while the 
terminal may perform the color conversion proceSS in 
response to the color count received from the network 
interactive display device. 
0.017. In accordance with the preferred embodiment of 
the present invention, the terminal performs the color con 
version process in response to the color count designated by 
and received from the network interactive display device. 
0.018. In the display system of a preferred embodiment of 
the present invention, the network interactive display device 
may include a projector. 
0019. In accordance with the preferred embodiment of 
the present invention, the network interactive display device 
is the projector. 
0020. In the display system of a preferred embodiment of 
the present invention, the network interactive display device 
may include a plasma display. 
0021. In accordance with the preferred embodiment, a 
plasma display is used as the network interactive display 
device. 

0022. In the display system of a preferred embodiment of 
the present invention, the network interactive display device 
may include a liquid-crystal monitor. 
0023. In accordance with the preferred embodiment, a 
liquid-crystal monitor is used as the network interactive 
display device. 
0024. In the display system of a preferred embodiment of 
the present invention, the network interactive display device 
may include an organic EL display. 
0.025 In accordance with the preferred embodiment, an 
organic EL (Electroluminescent) display is used as the 
network interactive display device. 
0026. In the display system of a preferred embodiment of 
the present invention, the terminal may include one of a 
personal computer and a PDA (Personal Digital Assistant). 
0027. In accordance with the preferred embodiment of 
the present invention, one of a personal computer and a PDA 
is used as the terminal. 

0028. A network interactive display device in another 
aspect of the present invention is connected to a plurality of 
terminals through a network, each terminal having a Screen 
capture function, and includes a display, a communication 
unit for communicating in a two-way fashion with each of 
the terminals, and a display control unit, wherein the com 
munication unit receives the image data which has been 
captured by each terminal through the Screen capture func 
tion thereof, and which has been Size converted to a prede 
termined image size by each terminal, and the display 
control unit has a multi-window Screen presentation function 
for Synthesizing the captured image data received by the 
communication unit into Single Screen multi-Window format 
data to be displayed on a display Screen of the display. 

0029. Since the network interactive display device 
receives the captured image data in the Size converted form 
thereof from the terminal, and Synthesizes the received 
image data, the workload of processing in the multi-Window 
presentation is reduced in the network interactive display 
device. 
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0030. In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have an insertion function for inserting a 
new window into a current display Screen to display the new 
window. 

0031. In accordance with the preferred embodiment, the 
network interactive display device has the insertion func 
tion. 

0032. In the network interactive display device of a 
preferred embodiment of the present invention, the user may 
Select at will a terminal, which provides the captured image 
data to be displayed on the display Screen of the display, 
from among the plurality of terminals connected to the 
network interactive display device. 
0033. In accordance with the preferred embodiment, the 
network interactive display device allows the user to Select 
at will a terminal, which is to provide the captured image 
data to be displayed on the display Screen of the display, 
from among the plurality of terminals connected to the 
network interactive display device. 
0034. In the network interactive display device of a 
preferred embodiment of the present invention, the terminal 
that provides the captured image data to be displayed on the 
display Screen of the display may be selected in a two-way 
communication of the communication unit by one of the 
network interactive display device and the terminals. 
0035. In accordance with the preferred embodiment, the 
network interactive display device allows the terminal dis 
playing the captured image data on the display Screen to be 
Selected in a two-way communication of the communication 
unit by one of the network interactive display device and the 
terminal. 

0036). In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have an expansion display function for 
expanding a predetermined window from among a plurality 
of windows forming a multi-window Screen displayed on the 
display Screen of the display. 
0037. In accordance with the preferred embodiment, the 
network interactive display device has the expansion display 
function for expanding the predetermined window. 
0038. In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have a Single-window Screen Selection 
function for Switching the display Screen from a predeter 
mined window from among a plurality of windows forming 
a multi-Window Screen displayed on the display Screen to a 
Single-window full Screen. 

0039. In accordance with the preferred embodiment, the 
network interactive display device has the Single-window 
Screen Selection function for Switching the display Screen 
from the predetermined window to the single-window full 
SCCC. 

0040. In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have an erase function for erasing a 
predetermined window from among a plurality of windows 
forming a multi-window Screen displayed on the display 
Screen of the display. 
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0041. In accordance with the preferred embodiment, the 
network interactive display device has the erase function for 
erasing the predetermined window. 

0042. In the network interactive display device of a 
preferred embodiment of the present invention, the prede 
termined window may be Selected in response to an opera 
tion by the user. 
0043. In accordance with preferred embodiments, the 
network interactive display device allows the user to Select 
the window to be expanded, the window to be switched to 
the Single-window full Screen, and the window to be erased. 
0044) In the network interactive display device of a 
preferred embodiment of the present invention, the prede 
termined window may be selected by one of the network 
interactive display device and the terminal in a two-way 
communication of the communication unit thereof. 

0.045. In the preferred embodiment, the window to be 
expanded, the window to be Switched to the Single-window 
full Screen, or the window to be erased is designated by one 
of the network interactive display device or the terminal. 
0046. In the network interactive display device of a 
preferred embodiment of the present invention, the image 
captured data received from the terminal may be obtained by 
designating the whole or a portion of the display Screen of 
the terminal. 

0047. In accordance with the preferred embodiment, the 
network interactive display device displays the captured 
image data, which is obtained using full-screen capturing or 
partial-screen capturing. 

0.048. In the network interactive display device of a 
preferred embodiment of the present invention, the captured 
image data received from the terminal may be obtained by 
detecting and capturing only a change on the display Screen 
of the terminal. 

0049. In accordance with the preferred embodiment, the 
Workload on the network is reduced by capturing only the 
change on the Screen of the terminal. The network interac 
tive display device thus presents image data which is a 
combination of existing captured data and the changed 
component of data. 

0050. In a preferred embodiment of the present invention, 
the network interactive display device may include a display 
Size determining unit that divides the display Screen of the 
display into windows of the number equal to the number of 
terminals to be displayed, and determines a display size of 
the window to which the terminal to be displayed is 
assigned, and a controller that sends the display size deter 
mined by the display size determining unit to the corre 
sponding terminal through the communication unit, wherein 
the controller receives, through the communication unit, the 
captured image data, having the converted Size equal to the 
display size of the window assigned to the terminal, from the 
terminal to which the display size is sent, and controls the 
display control unit to Synthesize the received captured 
image data into Single Screen multi-Window format data to 
be displayed on the display Screen of the display. 

0051. In accordance with the preferred embodiment, the 
display size converted by the terminal is Set to be display 
Size determined by the display Size determining unit. 
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0052. In the network interactive display device of a 
preferred embodiment of the present invention, an aspect 
ratio of the window assigned to the terminal to be displayed 
may be equalized to an aspect ratio of the display Screen of 
the display of the terminal. 
0053. In accordance with the preferred embodiments of 
the present invention, the network interactive display device 
provides a display Screen free from discordance. 
0054. In the network interactive display device of a 
preferred embodiment of the present invention, through the 
communication unit, the controller may also Send a display 
color count of the display to the terminal when Sending the 
display size to the terminal, may receive the captured image 
data having the converted size equal to the display size of the 
window assigned to the terminal and having the display 
color count converted to the display color count of the 
display of the network interactive display device, from the 
terminal to which the display size and the display color 
count have been Sent, and may control the display control 
unit to Synthesize the received captured image data into 
Single Screen multi-window format data to be displayed on 
the display Screen of the display. 

0055. In accordance with the preferred embodiment, the 
network interactive display device receives, from the termi 
nal, the captured image data the terminal has color converted 
in addition to the size conversion process for contraction and 
Synthesizes the received image data. The workload of pro 
cessing in the multi-window presentation is reduced in the 
network interactive display device. 
0056. In the network interactive display device of a 
preferred embodiment of the present invention, a commu 
nication protocol of the communication unit may include the 
TCP/IP protocol. 

0057. In accordance with the preferred embodiment, the 
widely used TCP/IP is used as the communication protocol 
of the communication unit. 

0058. In the network interactive display device of a 
preferred embodiment of the present invention, the network 
may include one of a LAN, a radio LAN, and a near-field 
communication radio LAN. 

0059. In accordance with the preferred embodiment, one 
of the LAN (Local-Area Network), the radio LAN, the 
near-field communication radio LAN is used as the network. 

0060 A network interactive projector in yet another 
aspect of the present invention includes one of the above 
referenced network interactive display devices. 
0061. In accordance with the above aspect, the projector 
has the above-referenced advantages of the network inter 
active display device. 
0062. In the network interactive projector of a preferred 
embodiment of the present invention, the display may 
include one of a liquid-crystal light valve, an LCOS light 
valve, and a DMD (Digital Micromirror Device) (Trademark 
of Texas Instruments). 
0063. In accordance with the preferred embodiment, the 
projector including one of the liquid-crystal light valve, the 
LCOS light valve, and the DMD has the above-referenced 
advantages of the network interactive display device. 
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0064. A network interactive plasma display apparatus in 
yet another aspect of the present invention includes one of 
the above-referenced network interactive display devices, 
wherein the display includes a plasma display panel. 
0065. In accordance with the above aspect of the present 
invention, the plasma display apparatus provides the above 
referenced advantages of the network interactive display 
device. 

0.066. A network interactive liquid-crystal display appa 
ratus in yet another aspect of the present invention includes 
one of the above-referenced network interactive display 
devices, wherein the display includes a liquid-crystal panel. 
0067. In accordance with the above aspect of the present 
invention, the liquid-crystal display apparatus have the 
above-referenced embodiments of the network interactive 
display device. 
0068 A network interactive organic EL display apparatus 
in a further aspect of the present invention includes one of 
the above-referenced network interactive display devices, 
wherein the display includes an organic EL panel. 
0069. In accordance with the above aspect of the present 
invention, the network interactive organic EL display appa 
ratus provides the above-referenced advantages of the net 
work interactive display device. 
0070 The present invention in a further aspect relates to 
a display control Software program of a CPU that constitutes 
the display control unit of one of the above-referenced 
network interactive display devices. 
0071. In accordance with the above aspect of the present 
invention, the display control program allows a display 
device to provides the above-referenced advantages of the 
network interactive display device. 
0.072 In yet another aspect of the present invention, a 
terminal, connected to one of the above-referenced network 
interactive display devices includes a display, a communi 
cation unit that communicates in a two-way fashion with the 
network interactive display device, a Screen capture proces 
Sor that captures the content displayed on the display Screen 
of the display, an image converter which converts the image 
data captured by the Screen capture processor to image data 
having a predetermined image size, and a controller that 
Sends the captured image data, Size converted by the image 
converter, from the communication unit to the network 
interactive display device, wherein the terminal generates 
the captured image data that is to be displayed on one of the 
multi windows displayed on the display Screen of the 
network interactive display device. 
0.073 When the captured image data to be displayed on 
one of the windows of the screen of the network interactive 
display device is generated, a part of the process required for 
the multi-Window presentation, i.e., the Size conversion 
proceSS is performed by the terminal. The terminal thus 
contributes to a reduction in the workload on the network 
interactive display device. 
0.074. In the terminal of a preferred embodiment of the 
present invention, the display Screen of the display of the 
network interactive display device may be divided into 
windows of the number equal to the number of terminals to 
be displayed, a display size of the window assigned to each 
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terminal to be displayed is determined, and the image 
converter converts the image data captured by the Screen 
capture processor to image data having the display size 
assigned to own terminal. 
0075. In accordance with the preferred embodiment, the 
Size conversion proceSS is carried out based on the display 
Size determined by the network interactive display device. 
0076. In the terminal of a preferred embodiment of the 
present invention, the image converter may perform a color 
conversion on the captured image data to match the display 
color count of the display of the network interactive display 
device in addition to the Size conversion process, and the 
controller may send the captured image data, which has been 
Subjected to the size conversion proceSS and the color 
conversion process, from the communication unit to the 
network interactive display device. 
0077. In accordance with the preferred embodiment, the 
image converter performs the color conversion on the cap 
tured image data in addition to the Size conversion process, 
thereby further reducing the workload on the network inter 
active display device. 
0078. The present invention in a further aspect relates to 
a control Software program of a CPU that constitutes each 
processor of one of the above-referenced terminals. 
0079. In accordance with the above aspect, the control 
program allows a terminal to have the above-referenced 
advantages of the above terminal. 
0080. The present invention in a further aspect relates to 
a network interactive display device connected to each of a 
plurality of terminals through a network, each terminal 
having a Screen capture function, and includes a display, a 
communication unit for communicating in a two-way fash 
ion with each of the terminals, and a display control unit, 
wherein the display control unit has a multi-window Screen 
presentation function for Synthesizing the captured image 
data, captured by each terminal through the Screen capture 
function and received by the communication unit, into Single 
Screen multi-window format data to be displayed on a 
display Screen of the display. 
0081. The network interactive display device presents the 
Screens of the plurality terminals connected to the network 
on the display Screen of a display of the network interactive 
display device in a multi-Window format. 
0082 In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have an insertion function for inserting a 
new window into a current display Screen to display the new 
window. 

0083. In accordance with the preferred embodiment, the 
network interactive display device has the insertion func 
tion. 

0084. In the network interactive display device of a 
preferred embodiment of the present invention, the user may 
Select at will a terminal, which provides the captured image 
data to be displayed on the display Screen of the display, 
from among the plurality of terminals connected to the 
network interactive display device. 
0085. In accordance with the preferred embodiment, the 
network interactive display device allows the user to Select 
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at will a terminal, which is to provide the captured image 
data to be displayed on the display Screen of the display, 
from among the plurality of terminals connected to the 
network interactive display device. 
0.086. In the network interactive display device of a 
preferred embodiment of the present invention, the terminal 
that provides the captured image data to be displayed on the 
display Screen of the display may be selected in a two-way 
communication of the communication unit by one of the 
network interactive display device and the terminal. 
0087. In accordance with the preferred embodiment, the 
network interactive display device allows the terminal pro 
Viding the captured image data on the display Screen to be 
Selected in a two-way communication of the communication 
unit by one of the network interactive display device and the 
terminal. 

0088. In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have an expansion display function for 
expanding a predetermined window from among a plurality 
of windows forming a multi-window Screen displayed on the 
display Screen of the display. 
0089. In accordance with the preferred embodiment, the 
network interactive display device has the expansion display 
function for expanding the predetermined window. 
0090. In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have a Single-window Screen Selection 
function for Switching the display Screen from a predeter 
mined window from among a plurality of windows forming 
a multi-window Screen displayed on the display Screen of 
the display to a Single-window full Screen. 
0.091 In accordance with the preferred embodiment, the 
network interactive display device has the Single-window 
Screen Selection function for Switching the display Screen 
from the predetermined window to the single-window full 
SCCC. 

0092. In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may have an erase function for erasing a 
predetermined window from among a plurality of windows 
forming a multi-window Screen displayed on the display 
Screen of the display. 
0093. In accordance with the preferred embodiment, the 
network interactive display device has the erase function for 
erasing the predetermined window. 
0094. In the network interactive display device of a 
preferred embodiment of the present invention, the prede 
termined window may be Selected in response to an opera 
tion by the user. 
0.095. In accordance with preferred embodiments, the 
network interactive display device allows the user to Select 
the window to be expanded, the window to be switched to 
the Single-window full Screen, and the window to be erased. 
0096. In the network interactive display device of a 
preferred embodiment of the present invention, the prede 
termined window may be selected by one of the network 
interactive display device and the terminal in a two-way 
communication of the communication unit thereof. 
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0097. In the preferred embodiment, any of the window to 
be expanded, the window to be switched to the full-screen 
mode, or the window to be erased is designated by one of the 
network interactive display device and the terminal. 
0098. In the network interactive display device of a 
preferred embodiment of the present invention, the captured 
image data received from the terminal may be obtained by 
designating the whole or a portion of the display Screen of 
the terminal. 

0099. In accordance with the preferred embodiment, the 
network interactive display device displays the captured 
image data, which is obtained using full-screen capturing or 
partial-screen capturing. 
0100. In the network interactive display device of a 
preferred embodiment of the present invention, the captured 
image data received from the terminal may be obtained by 
detecting and capturing only a change on the display Screen 
of the terminal. 

0101. In accordance with the preferred embodiment, the 
Workload on the network is reduced by capturing only the 
change on the Screen of the terminal. The network interac 
tive display device thus presents image data which is a 
combination of existing captured data and the changed 
component of data. 
0102) In the network interactive display device of a 
preferred embodiment of the present invention, the display 
control unit may include a window area information gen 
erator which divides the display Screen of the display into 
windows of the number equal to the number of terminals to 
be displayed, and generates window area information con 
taining a display size of the window to which the terminal 
to be displayed is assigned, and information identifying a 
display position of the window, an image Synthesizer which 
Synthesizes the captured image data from the terminals into 
Single Screen multi-window format data in accordance with 
the window area information generated by the window area 
information generator, thereby generating Synthesized 
image data, and an image processor which processes the 
Synthesized image data generated by the image Synthesizer, 
thereby generating display image data and outputting the 
display image data to the display. 
0103) In the network interactive display device of a 
preferred embodiment of the present invention, the image 
Synthesizer may synthesize the captured image data by 
contracting or expanding the captured image data from each 
terminal with an aspect ratio of the image Size of the 
captured image data maintained. 
0104. In accordance with the preferred embodiment, the 
network interactive display device provides a display Screen 
free from discordance. 

0105. In the network interactive display device of a 
preferred embodiment of the present invention, a commu 
nication protocol of the communication unit may include the 
TCP/IP protocol. 
0106. In accordance with the preferred embodiment, the 
widely used TCP/IP is used as the communication protocol 
of the communication unit. 

0107. In the network interactive display device of a 
preferred embodiment of the present invention, the network 
may include one of a LAN, a radio LAN, and a near-field 
communication radio LAN. 
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0108. In accordance with the preferred embodiment, one 
of the LAN, the radio LAN, the near-field communication 
radio LAN is used as the network. 

0109) A network interactive projector in a further aspect 
of the present invention includes one of the above-refer 
enced network interactive display devices. 

0110. In accordance with the above aspect of the present 
invention, the projector has the above-referenced advantages 
of the network interactive display device. 
0111. In the network interactive projector of a preferred 
embodiment of the present invention, the display may 
include one of a liquid-crystal light valve, an LCOS light 
valve, and a DMD. 

0112) In accordance with the preferred embodiment, the 
projector including one of the liquid-crystal light valve, the 
LCOS light valve, and the DMD has the above-referenced 
advantages of the network interactive display device. 
0113 A network interactive plasma display apparatus in 
a further aspect of the present invention includes one of the 
above-referenced network interactive display devices, 
wherein the display includes a plasma display panel. 

0114. In accordance with the above aspect, the plasma 
display apparatus have the above-referenced advantages of 
the network interactive display device. 

0.115. A network interactive liquid-crystal display appa 
ratus in a further aspect of the present invention includes one 
of the above-referenced network interactive display devices, 
wherein the display includes a liquid-crystal panel. 

0116. In accordance with the above aspect, the liquid 
crystal display apparatus have the above-referenced embodi 
ments of the network interactive display device. 

0117. A network interactive organic EL display apparatus 
in a further aspect of the present invention includes one of 
the above-referenced network interactive display devices, 
wherein the display includes an organic EL panel. 

0118. In accordance with the above aspect, the network 
interactive organic EL display apparatus provides the above 
referenced advantages of the network interactive display 
device. 

0119) The present invention in a further aspect relates to 
a display control Software program of a CPU that constitutes 
the display control unit of one of the above-referenced 
network interactive display devices. 

0120 In accordance with the above aspect, the display 
control program provides a display device with the above 
referenced advantages of one of the above network interac 
tive display devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0121 FIG. 1 illustrates a network of a display system 
including a network interactive display device in accordance 
with preferred embodiments of the present invention; 

0.122 FIG. 2 is a block diagram illustrating the structure 
of a terminal in accordance with a first preferred embodi 
ment of the present invention; 
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0123 FIG. 3 is a block diagram illustrating the structure 
of a network interactive display device of the first preferred 
embodiment; 
0.124 FIG. 4 is a functional diagram illustrating the 
function of the network interactive display device of the first 
preferred embodiment; 

0125 FIG. 5 illustrates items of terminal information 
managed in a display Status management file; 
0.126 FIG. 6 is a flow diagram illustrating the operation 
of the first preferred embodiment; 
0127 FIG. 7 is a continuation of the flow diagram of 
FIG. 6; 
0128 FIG. 8 illustrates the configuration of the display 
System in which display Screens of four terminals 1a-1d are 
presented on a display Screen of a display device; 
0129 FIG. 9 is a flow diagram illustrating the flow of a 
window area information generation process, 
0130 FIG. 10 illustrates a specific structure of the dis 
play Status management file; 

0131 FIG. 11A illustrates a specific structure of a table 
held in a tentative window area setting file, and FIG. 11B 
illustrates a tentative window area based on the table of FIG. 
11A; 

0132 FIG. 12 illustrates a true window area size and a 
true origin; 

0.133 FIG. 13 illustrates one example of a window area 
information file; 

0.134 FIG. 14 is a flow diagram of an operation of the 
terminal which has received a capture Start command and a 
display Status management file from the display device of 
the first preferred embodiment; 
0.135 FIG. 15 diagrammatically illustrates the display 
System to explain an expansion display function; 

0.136 FIG. 16A illustrates a tentative window area set 
ting table which is referenced when a priority order is 
updated, and FIG. 16B illustrates a tentative window area 
based on the table of FIG. 16A; 

0137 FIG. 17 illustrates a true window area with the 
priority order modified; 

0138 FIG. 18 illustrates a window area information file 
that is produced when the priority order is modified; 
0.139 FIG. 19 diagrammatically illustrates a single-win 
dow Screen presentation function; 

0140 
function; 

0141 FIG. 21 diagrammatically illustrates a window 
erase function; 

FIG. 20 diagrammatically illustrates an insertion 

0.142 FIG. 22 is a flow diagram illustrating an operation 
of terminal which has received a difference capture Start 
command and a display Status management file from the 
display device; 
0.143 FIG. 23 illustrates a screen comparison process 
wherein a mouse pointer is moved; 
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014.4 FIG. 24 illustrates the screen comparison process 
of FIG. 23; 
014.5 FIG. 25 illustrates a conventional display system; 
0146 FIG. 26 is a block diagram illustrating a structure 
of the terminal in accordance with a Second preferred 
embodiment of the present invention; 
0147 FIG. 27 is a block diagram illustrating a structure 
of the network interactive display device of the Second 
preferred embodiment; 
0148 FIG. 28 is a functional diagram of an operation of 
the network interactive display device of the Second pre 
ferred embodiment of the present invention; 
014.9 FIG. 29 is a flow diagram illustrating an operation 
of the display system of the second preferred embodiment of 
the present invention; and 
0150 FIG. 30 is a flow diagram illustrating the operation 
of the terminal which has received a capture Start command 
and a display Status management file from the display device 
of the Second preferred embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0151. First Embodiment 
0152 FIG. 1 illustrates a network of a display system 
100 including a network interactive display device 2 in 
accordance with preferred embodiments of the present 
invention. 

0153. The display system 100 includes a plurality of 
terminals (only four terminals 1a, 1b, 1c, and 1d are shown 
in FIG. 1), and the network interactive display device 2 (a 
projector here) having a multi-window Screen presentation 
function as one of major functions of the present invention. 
The plurality of terminals 1 are respectively connected to the 
network interactive display device 2 (hereinafter simply 
referred to the display device 2) through a network 3 in a 
two-way communication based on the TCP/IP protocol. A 
unique name is provided beforehand to each terminal 1 
(hereinafter referred to as a terminal name). The network 3 
may be any of a LAN (Local Area Network), a radio LAN, 
and a near-field communication radio LAN Such as Blue 
tooth (Tradename of Bluetooth SIG Inc., U.S.A.). 
0154) The display system 100 allows screens presented 
on the plurality of terminals 1 to be concurrently presented 
on a multi-Window display Screen of the display device 2. 
Such a system 100 is useful in a conference or a presenta 
tion. The terminal 1 and the display device 2 will now be 
discussed in detail. 

O155 FIG. 2 is a block diagram illustrating the structure 
of the terminal 1 in accordance with a first preferred embodi 
ment of the present invention. 
0156 The terminal 1 may be a personal computer or a 
PDA (Personal Digital Assistant). The terminal 1 includes a 
display 11 for presenting a diversity of information Such as 
materials for presentation, a Video memory 12 for Storing the 
content to be presented on the display 11, an input Section 13 
including of a tablet, a mouse, or a keyboard, a user interface 
14 for detecting an operational input entered from the input 
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Section 13 and outputting the operational input to a control 
ler (CPU) 16, a storage 15 for storing application software 
programs (such as a control program) for performing the 
processes of the present invention and a variety of pieces of 
data, the controller 16, and a communication unit 17. 

O157 The control program stored in the storage 15 is 
used to perform a terminal control function to perform a 
multi-Window Screen presentation function on the network 
interactive display device 2, a Screen capture function to 
capture a whole or a part of the Screen of the display 11, an 
image conversion function to convert captured image data 
acquired using the Screen capture function into data in a 
format of a display 21 of the network interactive display 
device 2, and a function to detect a change on the Screen of 
the display 11. The application Software programs and the 
CPU constitute a data management processor 18, a Screen 
capture processor 19, an image converter 19A, and a Screen 
comparison processor 20. 

0158. The controller 16 receives a variety of requests, 
including a connection request, a display request, an expan 
Sion display request, a request to Switch to a single-window 
full Screen, and an erase request through the user interface 
14 or the communication unit 17, and performs processes 
responsive to each request. Under the control of the con 
troller 16, the image converter 19A converts the image data 
acquired by the Screen capture processor 19, and the com 
munication unit 17 Sends the converted captured image data 
to the network interactive display device 2. 
0159. The communication unit 17 carries out a two-way 
communication with the network interactive display device 
2. The communication protocol used here is the TCP/IP. The 
communication unit 17 has a protocol processing function 
for ARP, ICMP, IP, TCP, UDP, etc. required for the TCP/IP 
connection. This protocol processing function is carried out 
under the control of an OS. 

0160 The conversion processes performed by the image 
converter 19A are required when the display device 2 to be 
discussed later performs a multi-window Screen presenta 
tion. Specifically, the conversion processes include a size 
conversion process to convert the captured image data into 
data in a display size of a window assigned to own terminal 
1, and a color conversion process to convert the captured 
image data into data having a display color count of the 
display 21 of the display device 2. The terminal 1 performs 
the conversion processes, required to present a multi-win 
dow Screen on the display device 2, on the captured image 
data acquired by the Screen capture processor 19, and then 
Sends the converted captured image data to the display 
device 2. 

0.161 FIG. 3 is a block diagram illustrating the structure 
of the display device 2 of the first preferred embodiment. 
0162 The display device 2 includes the display 21, a 
display control unit 22 which has a multi-window Screen 
presentation function, an expansion display function, a func 
tion to Switch to the Single-window full Screen, an insertion 
function, and an erase function, and controls the display 
Screen to be presented on the display 21, an input Section 23 
including a remote controller, a mouse, or a keyboard, a user 
interface 24 for detecting an operational input from the input 
Section 23 and for outputting the operational input to a 
controller 27 to be discussed later, a program Storage 25 for 
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Storing the display control program to perform the multi 
window Screen presentation function of the present inven 
tion, a data Storage 26 for Storing a variety of files and data 
required to carry out the display control program, a control 
ler (CPU) 27 for generally controlling the display device 2, 
and a communication unit 28 for performing a two-way 
communication with each terminal 1. 

0163 The communication unit 28 carries out a two-way 
communication with the terminal 1. The communication 
protocol used here is the TCP/IP. The communication unit 
28 has a protocol processing function for ARPICMP, IP, 
TCP, UDP, etc. required for the TCP/IP connection. 
0164. The display device 2 may be a plasma display, or 
a liquid-crystal display instead of the projector shown in 
FIG. 1. FIG. 3 shows major portions only related to the 
context of the present invention, and does not show other 
elements respectively uniquely relating to the projector, the 
plasma display, and the liquid-crystal display because they 
are not closely related to the context of the present invention. 
If the elements shown in FIG. 3 are added to each of an 
existing projector, an existing plasma display, and an exist 
ing liquid-crystal display, they respectively become a net 
work interactive projector, a network interactive plasma 
display, and a network interactive liquid-crystal display. The 
display 21 is different depending on the type of the display 
device 2. Specifically, the display 21 is one of a liquid 
crystal light valve, an LCOS light valve, or a DMD (Digital 
Micromirror Device) (Trademark of Texas Instruments) in 
the projector. The display Screen of the display 21 becomes 
a projecting Screen. The display 21 is a plasma display panel 
in a plasma display device, a liquid-crystal panel in a 
liquid-crystal display device, or an organic EL (Electrolu 
minescent) panel in an organic EL display device. 
0.165 Referring to FIG. 4, a variety of files stored in the 
data Storage 26 is discussed. 
0166 The data storage 26 stores a display specification 
management file 30, a permitted connection management 
file 31, a permitted display management file 32, a connection 
Status management file 33, a display Status management file 
34, a tentative window area setting file 35, and a window 
area information file 36. The data storage 26 further includes 
a captured image data memory 37 for Storing the captured 
image data Sent from each terminal 1. 
0167 The display specification management file 30 reg 
isters a Screen size representing the number of pixels in 
Vertical and horizontal directions of the display Screen of the 
display 21, and color count information representing a 
display color count of the display 21. In this preferred 
embodiment, the screen size is 1280x1024 (SXGA), and the 
color count is 167,777,216 colors. 

0168 The permitted connection management file 31 reg 
isters a terminal name of a terminal 1 which is permitted for 
connection. The permitted display management file 32 reg 
isters a terminal name of a terminal 1 which is permitted for 
Screen display. 

0169. The connection status management file 33 registers 
a terminal name of a terminal 1 which is currently connected 
to the display device 2. 
0170 The display status management file 34 manages a 
display Status of the current display 21. The display Status 
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management file 34 manages, in a table form, terminal 
information relating to the terminal 1 that is a Source of the 
captured image data currently presented on the display 
Screen of the display 21. The display Status management file 
34 is updated each time the display Screen of the display 21 
is modified. For example, if the display Screen is Switched 
from a four-window Screen to a three-window Screen, ter 
minal information of the terminal 1 corresponding to an 
erased window is deleted. If the display Screen is Switched 
from a four-window Screen to a five-window Screen, termi 
nal information of the terminal 1 corresponding to an added 
window is newly registered. 
0171 FIG. 5 illustrates items of the terminal information 
managed in the display Status management file 34. 
0172 The display status management file 34 contains, as 
items thereof, a “terminal name', an “IP address', a “Screen 
Size”, “color count information”, “priority', a “capture area 
management flag”, a “difference capture management flag”, 
a “captured image Size', a “difference captured image size 
1’, a “difference captured image Size 2, a “difference 
capture origin 1’, and a “difference capture origin 2. 
0173 The “terminal name' is a name provided before 
hand to the terminal 1. The "screen size' is the number of 
pixels in the Vertical and horizontal directions of the display 
screen of the display 11. For example, an SXGA terminal has 
1280x1024 pixels, and an XGA terminal has 1024x768 
pixels. The “color count information” represents the number 
of display colors of the display 11, and may be 256 colors, 
or 167,777,216 colors, for example. The terminal name, the 
IP address, the Screen size, and the color count information 
are the items that must be stored in the display Status 
management file 34 during a registration. Other items are Set 
(updated) by the user as necessary. 
0.174. The “priority” determines the size of the display 
Size of each window assigned to the terminal 1 that is 
identified by the terminal name. The priority takes “highest”, 
“high” or “none”. As will be discussed in detail, the display 
Size having a higher priority order becomes larger. The 
"capture area management flag manages the capturing as to 
whether the screen of the terminal 1 identified by the 
terminal name is captured in a full-screen capture mode or 
a partial-Screen capture mode. The capture area management 
flag is “0” in the full-screen capture mode, which is a 
Standard capture mode, and “1” in the partial-Screen capture 
mode. 

0.175. The “difference capture management flag man 
ages the capture of whether the Screen of the terminal 1 
identified by the terminal name is captured in a normal 
capture mode or a change capture mode (hereinafter refer 
enced to as a difference capture mode). The difference 
capture management file is “0” in the normal capture mode, 
or “1” in the difference capture mode. 
0176) The “captured image size” is the size of the cap 
tured image data (the number of pixels in the vertical and 
horizontal directions) when the capture area management 
flag is “1”, i.e., in the partial-Screen capture mode. 
0177. The “difference captured image size 1 and the 
“difference captured imageSize 2 represent the sizes of two 
different areas acquired in the difference capture when the 
difference capture management flag is “1”. The “difference 
capture origin 1’, and the “difference capture origin 2' are 
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the origins of the two different areas acquired in the differ 
ence capture, and are the absolute coordinates within an area 
defined by the captured image size. 
0.178 The tentative window area setting file 35 is a file in 
which information identifying a tentative window area 
assigned to the terminal 1 is set beforehand. The tentative 
window area setting file 35 contains a plurality of tables, 
each table prepared for the terminals. The table has a 
Structure as shown in FIG. 11A and FIG. 16A. The table 
will be discussed in more detail later. The window area 
information file 36 will also be discussed later. 

0179 When a predetermined operation is performed on 
the input Section 23, the display 21 displays the contents of 
the files 30, 31, 32,33, 34, 35, and 36. The user thus checks 
and modifies the data on the display Screen at will. 
0180 Returning to FIG. 4, the display control unit 22 
includes a window area information generator 41 as a 
display size determining unit, an image Synthesizer 42, and 
an image processor 43. The controller 27 receives a variety 
of requests Such as a connection request, a display request, 
an insertion display request, an erase request, etc., received 
through the user interface 24 or the communication unit 28. 
In response to these requests, under the control of the 
controller 27, the processors 41, 42, and 43 respectively 
perform required processes while accessing necessary files 
in the data storage 26. The controller 27 thus controls the 
display 21. A display control program, Stored in the program 
Storage 25, for providing a multi-window Screen presenta 
tion function and the controller (CPU) 27 constitute the 
display control unit 22. 
0181 From the display status management file 34, the 
window area information generator 41 learns the number of 
terminals 1 to be presented, and the priority order and the 
Screen size of each terminal 1. The window area information 
generator 41 splits the display Screen of the display 21 in 
accordance with the number of terminals 1 to be presented, 
and the priority order and the Screen size of each terminal 1. 
The window area information generator 41 generates the 
window area information containing display size (hereinaf 
ter referred to as a window area size) of the window on the 
display 21 assigned to each terminal 1 to be displayed, and 
information identifying the display position of the window 
(the absolute coordinates at the top left corner of the window 
with respect to the display Screen, hereinafter also referred 
to as an origin). The information is stored in the data storage 
26 as the window area information file 36. 

0182. The controller 27 sends, to each terminal 1 to be 
displayed from the communication unit 28, the window area 
Size of the window assigned to each terminal 1 to be 
displayed in the window area information file 36 generated 
in the window area information generator 41 together with 
the display color count of the display 21 held in the display 
Specification management file 30. The captured image data 
memory 37 then Stores the captured image data returned 
from each terminal 1 that has received these pieces of 
information, namely, the captured image data that has been 
Subjected to the size conversion process and the color 
conversion process in accordance with the received window 
area Size and display color count. The information referred 
to as the window area size is identical to a true window area 
Size in the discussion that follows. 

0183 The image synthesizer 42 synthesizes the size 
converted and color converted captured image data from 
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each terminal I Stored in the captured image data memory 37 
in accordance with the window area information file 36 
generated by the window area information generator 41. 
Synthesized image data thus results. 
0.184 The image processor 43 performs a scanning fre 
quency conversion process on a variety of pieces of image 
data Such as the Synthesized image data generated by the 
image Synthesizer 42, and the display Status management 
file 34 of the data Storage 26 which is referenced using an 
OSD (on-screen display) function, thereby generating dis 
play image data and outputting the display image data to the 
display 21. The image processor 43 includes a Scan con 
verter, for example. 
0185. The operation of the first preferred embodiment of 
the present invention will now be discussed. FIGS. 6 and 7 
are flow diagrams illustrating the operation of the first 
preferred embodiment. 
0186 A predetermined operational input is entered in the 
input Section 23 in the display device 2 in a preliminary Step 
for multi-Window Screen presentation. Upon detecting the 
operational input through the user interface 24, the control 
ler 27 broadcasts a request to return a terminal name and an 
IP address together with the IP address of the display device 
2 through the communication unit 28 and the network 3. 
When each terminal 1 receives the broadcast request to 
return the terminal name and the IP address, the terminal 1 
returns own terminal name and IP address to the display 
device 2. 

0187. The display device 2 receives a reply (the terminal 
name and the IP address) from each terminal 1 through the 
communication unit 28, and determines whether each ter 
minal is a connection permitted terminal. Specifically, the 
display device 2 determines whether the returned terminal 
name agrees with a terminal name registered in the permit 
ted connection management file 31. If it is determined that 
the returned terminal name agrees with the registered ter 
minal name, the display device 2 handles the terminal 1 as 
a connection permitted terminal. 
0188 The terminal names and the IP addresses of the 
terminals 1 determined as connection permitted terminals 
are Successively registered in the connection Status manage 
ment file 33. The connection status management file 33 
allows the display device 2 to learn how many terminals 1 
are currently connected. Since the determination of whether 
the connection is permitted or not is based on the terminal 
name, the system works even if the IP address, provided to 
the terminal 1 using the DHCP, becomes different each time 
connection is made. 

0189 The display device 2 waits on standby for any 
request after the above preliminary Step is complete. For 
example, the display Screens of the four terminals 1a-1d, out 
of the terminals 1 operated by conference participants, are 
presented on a multi-window display screen 50 of the 
display device 2. AS for the resolutions thereof, the terminal 
1a has an SXGA resolution (1280x1024 pixels), the terminal 
1b has an SVGA resolution (800x600 pixels), the terminal 
1c has an XGA resolution (1024x768 pixels), and the 
terminal 1d has a resolution of 480x640 pixels. 
0190. Multi-Window Screen Presentation Function 
0191 FIG. 8 illustrates the configuration of the display 
System in which display Screens of four terminals 1a-1d are 
presented on the display Screen of the display device 2. 
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0.192 The user operates the remote controller in the input 
Section 23 to enter an operational input to display the Screens 
of the terminals 1a-1d. Through the user interface 24, the 
controller 27 is notified of the input information, namely, a 
request to display the Screens of the terminals 1a-1d together 
with identification information of the terminals 1a-1d (step 
S1). When the request is placed, the priority order, the partial 
capture, and the difference capture may also be designated. 
Here, no particular designation is performed. 
0193 Upon receiving the display request, the controller 
27 in the display device 2 performs processes in steps S3-S9 
for each of the terminals 1a-1d to be displayed (step S2). 
More specifically, the controller 27 references the permitted 
connection management file 31 and the permitted display 
management file 32 according to the terminal name indi 
cated by the identification information contained in the 
display request, thereby determining whether or not each 
terminal 1 is permitted for connection and whether or not 
each terminal 1 is permitted for display (step S3). If it is 
determined that each terminal 1 is permitted for both con 
nection and display (step S4), the controller 27 requests, 
through the communication unit 28, each terminal 1 to Send 
the terminal information (the terminal name, the IP address, 
the Screen size, and the color count information) (Step S5). 
The controller 27 receives the terminal information which 
has been sent in response to the request (step S6), and 
registers the terminal information in the display Status 
management file 34 (step S7). If the priority order, the partial 
capture, and the difference capture are designated during the 
placement of the display request, the priority order, the 
capture area management flag, and the difference capture 
management flag are also registered in the registration in 
step S7. 
0194 The controller 27 sends the display status manage 
ment file 34 and a Screen capture Start command to the 
terminal 1 which is permitted for connection and display 
(step S8). When any terminal 1 is not permitted for connec 
tion and display, the controller 27 Sends a notification to that 
effect to the terminal 1 (step S9). 
0.195. If all four terminals 1a-1d are permitted for con 
nection and display, the terminal information from the 
terminals 1a-1d is registered in the display Status manage 
ment file 34 in the processes in steps S2-S9. At the same 
time, the Screen capture Start command is Sent together with 
the display Status management file 34 to each of the termi 
nals 1a-1d through the communication unit 28. 
0196) Subsequent to the above processes, the controller 
27 notifies the window area information generator 41 in the 
display control unit 22 of a window area split request. The 
display device 2 then enters a window area information 
generation process (step S10). The operation of the terminal 
1 having received the Screen capture Start command will be 
discussed later. Discussed first is the window area informa 
tion generation process performed by the window area 
information generator 41 in response to the window area 
Split request. 
0197 FIG. 9 is a flow diagram illustrating the flow of a 
window area information generation process. The operation 
of the window area information generator 41 is specifically 
discussed on the assumption that the display Status manage 
ment file 34 is constructed as shown in FIG. 10. As shown 
in FIG. 10, terminal names PC-1, PC-2, PC-3, and PDA-1 
correspond to the terminals 1a, 1b, 1C and 1d, respectively. 
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0198 Upon receiving the window area split request from 
the controller 27, the window area information generator 41 
learns the number of the terminals 1 to be displayed (here, 
four terminals 1) referencing the display status management 
file 34. The window area information generator 41 also 
learns the priority order of each of the terminals 1a-1d (Step 
S21). The window area information generator 41 references 
the tentative window area setting file 35 according to the 
number of terminals 1 and the priority order of each of the 
terminals 1a-1d, and acquires a tentative Size and a tentative 
origin of each tentative window area assigned to each of the 
terminals 1a, 1b, 1c, and 1d (step S22). As will be clarified 
later, the adjective “tentative' is used because the area 
window here assigned to the terminal 1 is updated in a later 
Step to Size convert the captured image data. 

0199 As shown in FIG. 10, the four terminals 1 are to be 
displayed here and no priority order is set to all of the four 
terminals 1. A tentative area Setting table in the tentative 
window area setting file 35 is organized as shown in FIG. 
11A. Here, the display screen of the display 21 has a 
resolution of 1280x1024 (SXGA), and the tentative area 
setting table shown in FIG. 11A is organized based on this 
display screen. FIG. 11B shows the tentative window area 
based on the table window area setting table shown in FIG. 
11A. 

0200. The priority order shown in FIG. 11A is deter 
mined based on the “priority' item in the display status 
management file 34, and the terminals 1 are first, Second, 
third, and fourth from the high order to the low order. The 
terminals 1 are assigned the “tentative size' and the "ten 
tative origin” for the tentative window area in the lower 
table. All the terminals 1a-1d have “none” in the priority 
order row with no priority order set therefor (see FIG. 10). 
If no priority order is Set, the order of assignment may be a 
predetermined one, or may be the order of registration to the 
display Status management file 34. In the first preferred 
embodiment, the terminals 1a, 1b, 1c, and 1d (hereinafter 
referred to as the terminal names PC-1, PC-2, PC-3, and 
PDA-1 as appropriate) are assigned tentative window areas 
50A, 50B, 50C, and 50D in that order. 

0201 The window area information generator 41 further 
acquires the screen sizes of the PC-1, PC-2, PC-3, and 
PDA-1 from the display status management file 34 (see FIG. 
10), and determines the sizes and origins of true windows 
respectively assigned thereto based on the acquired Screen 
sizes (step S23). 
0202 FIG. 12 illustrates the true window area size and 
the true origin. As shown, 51A, 51B, 51C, and 51D represent 
the true window areas assigned to the PC-1, PC-2, PC-3, and 
PDA-1, respectively. The captured image data to be dis 
played on the tentative window area is size converted with 
the aspect ratio thereof maintained. The true window areas 
are display areas of the tentative window areas 50A, 50B, 
50C, and 50D in which the converted images are respec 
tively displayed with the centers thereof aligned to be 
centered on the respective tentative window areas. The PC-2 
is now specifically discussed in connection with the true 
window area Size to determine the true window area. The 
screen size of the PC-2 is 1024x768 pixels (see FIG. 10). 
The image data of this size is contracted with the aspect ratio 
thereof (namely, the aspect ratio of the display Screen of the 
display 11) maintained So that the image data is displayed 
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within the window area 50B having the size of 640x512 
pixels assigned to the PC-2. The contracted size is thus the 
true window area size. The true origin is used to place the 
window of that size at the center of the window area 50B as 
shown in FIG. 12, and is represented in pixel coordinates at 
the top left corner of the window (the absolute coordinates 
with respect to the entire display Screen). 
0203 The window area information generator 41 deter 
mines the above-referenced true window area Sizes and true 
origins for the PC-1, PC-2, PC-3, and PDA-1, and generates 
window area information containing the terminal name item, 
the window area item, and the origin item as shown in FIG. 
13, and then stores the window area information in the data 
storage 26 as the window area information file 36 (step S24). 
The window area information generation process thus ends. 
The window area information file 36 is tagged with pro 
cessing date (May 21, 2002, 17:00:32, for example). 
0204 Returning to FIG. 6, the controller 27 in the 
display device 2 performs processes in StepS S12-S14 to 
each of the terminals 1a, 1b, 1c, and 1d to be displayed (Step 
S11) when the window area information generator 41 com 
pletes the window area information generation process (Step 
S10). More specifically, the controller 27 places a request to 
Send the captured image data (step S12). The Sent request to 
Send the captured image data includes the true window area 
Size assigned to the terminal 1 to which the request is sent, 
and the display color count of the display 21 of the display 
device 2 Stored in the display Specification management file 
30. For example, the request to Send the captured image data 
including the true window area size of 640x512 (see FIG. 
13) and the display color count of 167,777,216 of the display 
device 2 is sent to the terminal 1a (PC-1). 
0205. Upon receiving the capture start command sent 
from the display device 2 in step S8, the terminal 1 starts 
capturing the Screen thereof. If the Screen capture performed 
by the terminal 1 is a full-screen capture, the terminal 1 
Sends, to the display device 2, the captured image data which 
has been Subjected to the size conversion proceSS and the 
color conversion process in accordance with the true win 
dow area Size and the display color count contained in the 
request to Send the captured image data, in response to the 
request to Send the captured image data Sent in Step S12. If 
the Screen capture performed by the terminal 1 is a partial 
Screen capture, an image size of the partial-captured image 
is Sent to the display device 2. 
0206. The display device 2 receives the reply from the 
terminal 1 (step S13). If the rely is the captured image data, 
the display device 2 determines that the Screen capture 
performed by the terminal 1 is a full-screen capture (step 
S14), and the received captured image data is written onto 
the captured image data memory 37 (step S18). 
0207) If the reply from the terminal 1 received in step S13 

is the image size, the controller 27 determines the Screen 
capture performed by the terminal 1 is a partial-Screen 
capture (step S14). The captured image size in the display 
Status management file 34 is updated with the received 
image size. The controller 27 regenerates the window area 
information (the true window area size and the true origin) 
based on the received image size (step S15). The controller 
27 updates the required portion of the window area infor 
mation file 36, and Sends a request to Send recaptured image 
data responsive to the regenerated true window area Size and 
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the display color count of the display 21 (step S16). The 
terminal 1 receives the request to Send the recaptured image 
data. The terminal 1 returns, to the display device 2, the 
captured image data which has been Subjected to the size 
conversion proceSS and the color conversion process in 
accordance with the true window area size and the display 
color count of the display 21, contained in the request to 
Send the recaptured image data. The display device 2 
receives the reply from the terminal 1 (step S17), and writes 
the reply onto the captured image data memory 37 (Step 
S18). 
0208. The above process is performed for each of the 
terminals 1a-1d. When the captured image data is received 
from all terminals 1a-1d, the controller 27 Sends an image 
Synthesis command to the image Synthesizer 42. The display 
device 2 enters an image Synthesis process (step S19). 
0209 Upon receiving the image synthesis command, the 
image Synthesizer 42 identifies locations of Synthesis of the 
size-converted captured image data and the color-converted 
captured image data Stored in the captured image data 
memory 37 in accordance with the true origin of the window 
area information in the window area information file 36, and 
Synthesizes the captured image data into a Single Screen 
image data, thereby generating the Synthesized image data. 
The Synthesized image data is then output to the image 
processor 43. 
0210. The image processor 43 converts the synthesized 
data from the image synthesizer 42 in display image data 
having a Scanning frequency of the display 21. The display 
image data is then output to the display 21. AS shown in 
FIG. 8, a multi-window screen is thus present on the display 
Screen 50 in which the captured image data (display Screen) 
of the terminals 1a, 1b, 1c, and 1d is presented on the true 
window areas (hereinafter also referred to as window 
screens) of 51A, 51B, 51C, and 51D (step S20). 
0211 The operation of the terminal 1 having received the 
capture Start command and the display Status management 
file 34 from the display device 2 is discussed below. 
0212 FIG. 14 is a flow diagram of the operation of the 
terminal 1 which has received the capture Start command 
and the display Status management file 34 from the display 
device 2. The terminal 1 is here 1a (PC-1). 
0213 The controller 16 in the terminal 1a receives, 
through the communication unit 17, the capture Start com 
mand and the display Status management file 34 Sent from 
the display device 2 (step S31). The controller 16 references 
the capture area management flag in the terminal 1a in the 
display status management file 34 (step S32). Since the 
capture area setting flag is “0” (step S33), the full-screen 
capture is determined to be activated. The controller 16 
Sends a full-screen capture command to the Screen capture 
processor 19. In response to the full-screen capture com 
mand, the Screen capture processor 19 Stores the content of 
the Video memory 12 (i.e., the content currently displayed on 
the display screen of the display 11) in the storage 15 in a 
bit-map format (a full-screen capture process) (step S34). 
0214) When the terminal 1a receives, from the display 
device 2, the request to send the captured image data (Step 
S35), the terminal 1a performs the size conversion on the 
captured image data acquired in the full-screen capture 
process in Step S34 in accordance with the true window area 



US 2004/O130568 A1 

Size contained in the request to Send the captured image data 
while performs the color conversion proceSS on the captured 
image data in accordance with the display color count 
contained in the request to Send the captured image data 
(step S36). Since the terminal 1a (PC-1) has a screen size of 
1280x1024 pixels (see FIG. 10), the captured image data of 
this size is converted (in a contraction process) into data of 
Size as large as the assigned window area size of 640x512 
(see FIG. 13). No color conversion is performed because the 
display 11 has the same color count of 167,777,216 as the 
display device 2. If the display 11 has a color count larger 
than that of the display device 2, the color count is down 
converted to match that of the display device 2. The captured 
image data, Size converted and color converted in this way, 
is sent through the communication unit 17 (step S37). 
0215. If the capture area setting flag is determined to be 
“1” in step S33, a partial capture is determined to be 
activated. A capture area designation Screen indicating a 
message Saying “designate a capture area' is presented on 
the display 11 (Step S38), and a partial capture command is 
sent to the screen capture processor 19. When the user, who 
reads the message on the capture area designation Screen, 
Selects a window or encloses a desired area using the input 
Section 13, the Screen capture processor 19 recognizes the 
user operation through the user interface 14. The image data 
on the Video memory 12 corresponding to the designated 
area and the image size is Stored in the storage 15 (a partial 
capture process) (step S39). 
0216. Upon receiving the request to send the captured 
image data from the display device 2 (step S40), the terminal 
1a returns the size of the partial captured image captured in 
the partial capture process in step S39 (step S41). The reply 
is received by the display device 2 as already discussed. The 
display device 2 regenerates the true window area Size based 
on the image Size in the partial capture process, and Sends, 
to the terminal 1a, the request to Send the recaptured image 
data containing the regenerated true window area Size and 
the display color count of the display 21 of the display 
device 2. Upon receiving the request, the terminal 1 a 
performs the size conversion process on the partial captured 
image data stored in the storage 15 in step S39, based on the 
true window area size contained in the request to Send the 
captured image data, while performing the color conversion 
proceSS on the partial captured image data in accordance 
with the color count contained in the request to Send the 
captured image data (step S36). The terminal 1a then sends 
the captured image data, which has been size converted and 
color converted in this way, to the display device 2 through 
the communication unit 17 (step S37). 
0217. The above-referenced process is similarly per 
formed on each of the remaining terminals 1b, 1C, and 1d in 
addition to the terminal 1a. As a result, the display device 2 
receives, from each of the terminals 1a, 1b, 1c, and 1d, the 
captured image data which has been size converted into the 
true window area size assigned thereto, and which has been 
color converted to the display color count of the display 21 
of the display device 2. 

0218. Each terminal 1 receives the display status man 
agement file 34 from the display device 2. The display status 
management file 34 is used to check the Status of the capture 
area Setting flag of own terminal 1. Furthermore, the content 
of the file may be displayed on the display 11 by performing 
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a predetermined operation on the input Section 13. The 
permitted connection management file 31, the permitted 
display management file 32, and the connection Status 
management file 33 may also be acquired from the display 
device 2 as necessary to be presented on the display 11. In 
this way, the user may learn what terminals are displayed 
other than own terminal operated by the user himself and the 
range of authority granted to own terminal 1. 

0219 Expansion Display Function 
0220 An expansion display function for expanding any 
one of a plurality of currently presented windows is dis 
cussed below. The expansion display function is performed 
by updating the priority order in the above-referenced 
arrangement. 

0221 FIG. 15 diagrammatically illustrates the display 
System to explain the expansion display function. The Screen 
of the terminal 1a is expanded by heightening the priority 
order of the terminal 1a. 

0222. The screen of the terminal 1a is designated by 
operating the remote controller. If the terminal 1a is assigned 
any key in the remote controller, the user designates the 
terminal 1a by pressing that key. If no particular key is 
assigned, the user may operate the remote controller to Select 
the terminal 1a on a menu Screen on the display 21, or may 
click the Screen of the terminal 1a with a pointer on the 
display Screen using the remote controller. 

0223 Designation information input in this way, i.e., an 
expansion display request containing the identification 
information of the terminal 1a, is sent to the controller 27 
through the user interface 24. The controller 27 identifies the 
terminal 1a based on the identification information con 
tained in the expansion display request. The controller 27 
sets the priority of the terminal 1a (PC-1) in the display 
Status management file 34 to be "highest”, and sends a 
window area Split request to the window area information 
generator 41. 

0224. The window area information generator 41 gener 
ates the window area information file 36 as already 
described. The tentative window area setting table, which is 
referenced in the generation of the window area information 
file 36, is organized as illustrated in FIG. 16A. FIG. 16B 
shows tentative window areas based on the tentative window 
area setting table. The priority order illustrated in FIG. 16B 
is determined based on the priority order in the display Status 
management file 34. The priority order of the terminal 1a is 
higher than those of the remaining terminals 1b, 1c, and 1d. 
The terminal 1a is thus assigned the tentative window area 
52A (the window area for the first terminal) having the first 
priority in FIG. 16B. The assignment of the window areas 
to the remaining terminals 1b, 1C, and 1d having no priority 
order set therefor is arbitrary. For example, the terminals 1b, 
1c, and 1d are now assigned tentative window areas 52B, 
52C, and 52D, respectively. As already described, the true 
window areas to be assigned to the terminals 1b, 1c, and 1d 
are determined. 

0225 FIG. 17 illustrates the true window areas. The 
terminals 1a, 1b, 1c, and 1d are assigned the true window 
areas 53A, 53B, 53C, and 53D, respectively. The window 
area information file 36 is then organized as illustrated in 
FIG. 18. 
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0226 AS already described, the captured image data 
(display Screen) of the terminals 1b, 1c, and 1d appears on 
the true window areas 53A, 53B, 53C, and 53D, respec 
tively. The designated window 51A is shown in an expanded 
state thereof on the multi-window Screen 50. 

0227) Function to Switch to Single-Window Screen 

0228. One of the plurality of multi windows is shown on 
a single-window screen as shown in FIG. 19. The user may 
operate the remote controller to enter an operational input 
for the function to switch to a single-window screen. More 
specifically, the controller 27 is notified of the input infor 
mation, namely, the Single-window display request contain 
ing the identification information of the terminal 1c corre 
sponding to the window 51C to be displayed on the single 
window Screen. The controller 27 identifies the terminal 1c 
based on the identification information contained in the 
Single-window display request. The controller 27 Sets the 
priority order item of the terminal 1c (PC-3) in the display 
Status management file 34 to be the highest, thereby Sending 
a window area split request to the window area information 
generator 41. 

0229. As a result, the multi-window screen is replaced 
with the single-window screen as shown in FIG. 19. The 
user may return to the multi-Window Screen by performing 
a predetermined operation on the remote controller to Set the 
priority order to “none”. 

0230. The Switching to the single-window screen allows 
the user to recognize details, which are not visible in the 
contracted Scale on the window. The ease of use is assured 
because the predetermined operation quickly returns the 
Screen to the multi-window Screen. 

0231) 

0232. As shown in FIG. 20, a new window may be 
inserted into a currently presented multi-window Screen. 
Such an insertion corresponds to a display request Subse 
quent to the display of a multi-Window Screen. The Screen 
insertion is thus performed in the same process as in the 
display request process. 

Insertion Function 

0233 Erase Function 
0234. As shown in FIG. 21, one of the plurality of 
currently presented windows may be erased. The user oper 
ates the remote controller to enter an operational input for 
the erase function. More specifically, the input information, 
namely, an erase request containing the identification infor 
mation of the terminal 1d corresponding to the window 51D 
to be erased is sent to the controller 27 through the user 
interface 24. The controller 27 identifies the terminal 1d 
based on the identification information contained in the 
erase request. The controller 27 deletes the terminal infor 
mation of the terminal 1d from the display Status manage 
ment file 34, and Sends a window area split request to the 
window area information generator 41. The Subsequent 
proceSS remains identical to the one already discussed. The 
window 50D designated for erasure is erased as shown in 
FIG. 21. The multi-window screen is reorganized so that a 
plurality of windows corresponding to the number of ter 
minals Subsequent to the erasure are presented. Alterna 
tively, the window 51D designated for erasure may be 
merely erased. 
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0235. The first preferred embodiment of the present 
invention provides the display system 100 having the multi 
window Screen presentation function in which the Screens of 
the plurality of terminals 1 connected to the network are 
presented on the plurality of windows on the display Screen 
of the display device 2. The processes required to perform 
the multi-window Screen presentation function, i.e., the size 
conversion proceSS and the color conversion process, are 
performed on the terminal 1. This arrangement dramatically 
reduces the workload on the display device 2, in comparison 
with the case in which the display device 2 performs the 
Same processes on the captured image data Sent from the 
terminal 1. Since the size conversion proceSS and the color 
conversion process are performed by the terminal 1, the 
effect of an increase in the number of terminals 1 on 
processes to be performed by the display device 2 is mini 
mized in the display system 100. 
0236. The workload on the network 3 is also reduced 
because the terminal 1 performs the Size conversion proceSS 
on the captured image data before the transmission of the 
captured image data to the display device 2 over the network 
3. 

0237) The ease of use of the system 100 is assured 
because the expansion display function, the Switching func 
tion to the Single-window Screen, the insertion function, and 
the erase function are available in addition to the multi 
window Screen presentation function. 
0238. The captured image data acquired in the terminal 1 
is presented on the corresponding window on the display 
Screen of the display device with the aspect ratio thereof 
maintained. The display Screen of the display device is thus 
free from discordance. 

0239 Rather than updating the display screen each time 
the conference participant (the user) places the display 
request through the input Section 23, the display device 2 
itself updates the display Screen thereof every three Seconds, 
for example. In this case, the controller 27 in the display 
device 2 controls timings, thereby performing Subsequent 
processes as described above at regular intervals. The con 
Stantly updated display Screen of each terminal 1 is viewed 
on the display of the display device 2. 
0240 Difference Capture Function 
0241 The full-screen capture method and the partial 
Screen capture method have been described. The display 
system 100 also provides a method in which a change in the 
display Screen on the terminal 1 is detected and image data 
obtained by capturing the change only is sent. 
0242. The user operates the remote controller of the input 
Section 23 to enter an operational input to perform a differ 
ence capture on each of the terminals 1a-1d. More specifi 
cally, the difference capture management flag in the display 
status management file 34 is set to be “1”. 
0243 For a first cycle of process immediately subsequent 
to the Setting of the difference capture management flag to 
“1”, steps S1-S20 are performed as described above to 
present the multi-window Screen. 
0244. After the completion of the multi-window presen 
tation, the controller 27 in the display device 2 sends a 
difference capture Start command together with the display 
status management file 34 to the terminal 1 with the differ 
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ence capture management flag thereof Set to “1” through the 
communication unit 28 and the network 3. 

0245. The operation of the terminal 1 having received the 
difference capture Start command and the display Status 
management file 34 from the display device 2 will be 
discussed below. 

0246 FIG.22 is a flow diagram illustrating the operation 
of terminal which has received the difference capture Start 
command and the display Status management file 34 from 
the display device 2. Here, the terminal of interest is the 
terminal 1a (PC-1). 
0247 The data management processor 18 in the terminal 
1a receives, through the communication unit 17, the differ 
ence capture Start command and the display Status manage 
ment file 34 sent by the display device 2 (step S41). The 
terminal 1a thus performs a Subsequent full-screen capture 
process. More Specifically, the Screen capture processor 19 
stores the content of the video memory 12 in the storage 15 
(step S42). The image data obtained here is referred to as 
pre-full-screen data. 

0248. The screen comparison processor 20 references the 
difference capture management flag in the display Status 
management file 34, received by the data management 
processor 18, at any regular intervals set (once every 0.5 
second, for example) (step S43). If the difference capture 
management flag is “1” (Step S44), a Subsequent difference 
capture operation is performed. 

0249. To quit the difference capture operation, the user 
Simply Sets the difference capture management flag to “0” in 
the same way as the display Status management file 34 is 
modified. The Screen comparison processor 20 determines 
whether or not the capture operation is Suspended, by 
referencing the difference capture management flag. 

0250) After performing the full-screen capture process, 
the Screen capture processor 19 Stores the content of the 
video memory 12 in the storage 15 (step S45). The image 
data obtained here is referred to as post-full-screen data. The 
Screen comparison processor 20 in the controller 16 com 
pares the pre-full-screen data with the post-full-screen data 
(step S46). 
0251 A Screen comparison process is discussed in which 
a mouse pointer is moved (see FIG. 23). The mouse pointer 
changes the position thereof from pre-full-screen data 60 
and post-full-screen data 61. As shown in FIG. 24, two areas 
70 and 71 are recognized as being changed. The Screen 
comparison processor 20 detects a change. If it is determined 
that there has been a change in the Screen (step S47), the 
Screen comparison processor 20 acquires image data of an 
area that has undergone a change, a Size of the image data 
(the number of pixels in Vertical and horizontal directions), 
and coordinates of an origin of the image data (absolute 
coordinates within the area defined by the captured image 
Size in the display status management file 34). 
0252) In this case, the screen comparison processor 20 
acquires, with respect to the area 70, captured image data of 
the area 70 (hereinafter referred to difference captured image 
data 1), a difference captured image size 1, and a difference 
capture origin 1, and with respect to the area 71, captured 
image data of the area 71 (hereinafter referred to difference 
captured image data 2), a difference captured image size 2, 
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and a difference capture origin 2. The Screen comparison 
processor 20 then Stores these pieces of information in the 
Storage 15 while notifying the data management processor 
18 that the difference captured image data has been acquired 
(step S48). The difference captured image size 1, the differ 
ence captured image size 2, the difference capture origin 1, 
and the difference capture origin 2 are written on the 
respective portions thereof in the display Status management 
file 34. 

0253) The data management processor 18 sends these 
pieces of data to the display device 2 through the commu 
nication unit 17 and the network 3 (step S49). The difference 
capture function is different from the full-screen capture and 
the partial-Screen capture. More specifically, the difference 
capture function is performed not in response to the request 
to Send received from the display device 2 but in response 
to the change in the Screen detected by the Screen compari 
Son processor 20. The transmission operation of the captured 
image data is then performed. 
0254 The post-full-screen data is set to be pre-full-screen 
data for a Subsequent Screen comparison process (Step S50). 
0255 The display device 2 then receives the difference 
captured image data 1, the difference captured image data 2, 
and the display Status management file 34 from the terminal 
1a. The operation of the display device 2 Subsequent to the 
reception of these pieces of data will now be discussed. 
0256 Upon receiving the difference captured image data 
1, the difference captured image data 2, and the display 
Status management file 34 from the terminal 1a at the 
communication unit 28, the controller 27 transfers an image 
Synthesis command to the image Synthesizer 42. The display 
device 2 enters the image Synthesis process in the difference 
capture function. 
0257. Upon receiving the image synthesis command, the 
image Synthesizer 42 rewriteS portions of the captured image 
data Stored in the captured image data memory 37 corre 
sponding to the difference captured image data 1 and the 
difference captured image data 2, based on the window area 
information file 36 corresponding to the image displayed on 
the display 21 and the display status management file 34 (the 
difference captured image size 1, the difference captured 
image Size 2, the difference capture origin 1, and the 
difference capture origin 2) received from the terminal 1a. 
The process Subsequent to this operation are identical to 
those in steps S19 and S20. 
0258. The amount of image data transmitted over the 
network 3 is Smaller in the difference capture process than 
in the full-screen capture (or the partial-screen capture) 
process. The workload on the network 3 is thus reduced. The 
user constantly monitors an updated image of the terminal 1. 
0259. The above description of the difference capture 
process is based on the assumption that a dedicated program 
installed on the terminal 1 is used to capture the Screen. If 
a driver for directly detecting a difference in the content of 
the video memory is available on the operating System (OS), 
Such a driver may be used. 
0260 The image data may be exchanged in a compres 
sion standard format (such as JPEG) between the terminal 1 
and the display device 2 to reduce the workload on the 
network 3. 
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0261. In the above description, a variety of requests such 
as the display request and the Single-window Screen display 
request is performed by operating the input Section 23 on the 
display device 2. In other words, the display device 2 has the 
initiative in the organization of the Screen. Alternatively, 
each terminal 1 may have the initiative. The conference 
participant (the user) enters a desired operational input by 
operating the input Section 13 on own terminal 1. The input 
information is transferred to the controller 16 through the 
user interface 14. The controller 16 in turn sends the request, 
including the terminal name and the IP address of own 
terminal 1, responsive to the input information to the display 
device 2 via the communication unit 17 and the network 3. 
The request is received by the communication unit 28 in the 
display device 2 through the network 3. The request is then 
transferred to the controller 27. The operation subsequent 
thereto remains the same as those already discussed. In this 
way, a variety of requests may be placed using the terminal 
1. 

0262 The terminal 1 may designate the capture area by 
containing information, which designates the full-screen 
capture or the partial-screen capture, in the variety of 
requests. 

0263. The priority order may be designated by the user as 
necessary as described above. Alternatively, a plurality of 
terminals 1 which are scheduled to be connected to the 
display device 2 may be assigned beforehand priority order. 
If the terminals 1 are assigned beforehand the priority order, 
the priority assigned to each terminal 1 is automatically Set 
in the priority item of the display Status management file 34 
when the terminal information is registered in the display 
Status management file 34. 
0264. In the above description, the tentative window area 
is determined based on the tentative window area Setting file 
35. Alternatively, the tentative window area may be deter 
mined through calculation each time. 
0265. In the partial capture, the terminal 1 returns the 
image size to the display device 2. The display device 2 
regenerates the true window area in response to the received 
image size. The regeneration of the true window area may be 
performed by the terminal 1. 
0266) Second Embodiment 
0267 FIG. 1 illustrates a network of a display system 
100 including a network interactive display device 2 in 
accordance with preferred embodiments of the present 
invention. 

0268. The display system 100 includes a plurality of 
terminals (only four terminals 1a, 1b, 1c, and 1d are shown 
in FIG. 1), and the network interactive display device 2 (a 
projector here) having a multi-window Screen presentation 
function as one of major functions of the present invention. 
The plurality of terminals 1 are respectively connected to the 
network interactive display device 2 through a network 3 in 
a two-way communication based on the TCP/IP protocol. A 
unique name is provided beforehand to each terminal 1 
(hereinafter referred to as a terminal name). The network 3 
may be any of a LAN (Local Area Network), a radio LAN, 
and a near-field communication radio LAN Such as Blue 
tooth (Tradename of Bluetooth SIG Inc., U.S.A.). 
0269. The display system 100 allows screens presented 
on the plurality of terminals 1 to be concurrently presented 
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on a multi-window display Screen of the network interactive 
display device 2. Such a system 100 is useful in a conference 
or a presentation. The terminal 1 and the network interactive 
display device 2 will now be discussed in detail. 
0270 FIG. 26 is a block diagram illustrating the structure 
of the terminal 1 in accordance with a Second preferred 
embodiment of the present invention. 
0271 The terminal 1 may be a personal computer or a 
PDA (Personal Digital Assistant). The terminal 1 includes a 
display 11 for presenting a diversity of information Such as 
materials for presentation, a Video memory 12 for Storing the 
content to be presented on the display 11, an input Section 13 
including a tablet, a mouse, or a keyboard, a user interface 
14 for detecting an operational input from the input Section 
13 and outputting the operational input to an arithmetic unit 
(CPU) 16, a storage 15 for storing application software 
programs (such as a control program) for performing the 
processes of the present invention, the arithmetic unit 16, 
and a communication unit 17. 

0272. The control program stored in the storage 15 is 
used to perform a terminal control function to achieve a 
multi-Window Screen presentation function on the network 
interactive display device 2, a Screen capture function to 
capture a whole or a part of the Screen of the display 11, an 
image conversion function to convert captured image data 
acquired by the Screen capture function into data in a format 
of a display 21 of the network interactive display device 2, 
and a function to detect a change on the Screen of the display 
11. The application software programs and the CPU consti 
tute a data management processor 18, a Screen capture 
processor 19, and a Screen comparison processor 20. 
0273. The data management processor 18 receives a 
variety of requests, including a connection request, a display 
request, an expansion display request, a request to Switch to 
a single-window full Screen, and an erase request through 
the user interface 14 or the communication unit 17, and 
performs processes responsive to each request. The data 
management processor 18 Sends the captured image data, 
acquired by the image capture processor 19, to the display 
device 2 through the communication unit 17. 
0274 The communication unit 17 carries out a two-way 
communication with the network interactive display device 
2. The communication protocol used here is the TCP/IP. The 
communication unit 17 has a protocol processing function 
for ARPICMP, IP, TCP, UDP, etc. required for the TCP/IP 
connection. This protocol processing function is carried out 
under the control of an OS. 

0275 FIG.27 is a block diagram illustrating the structure 
of the network interactive display device 2 of the second 
preferred embodiment. 
0276 The display device 2 includes the display 21, a 
display control unit 22 which has a multi-window Screen 
presentation function, an expansion display function, a func 
tion to Switch to the Single-window full Screen, an insertion 
function, and an erase function, and controls the display 
Screen to be presented on the display 21, an input Section 23 
including a remote controller, a mouse, or a keyboard, a user 
interface 24 for detecting an operational input from the input 
Section 23 and for Outputting the operational input to an 
arithmetic unit 27 to be discussed later, a program Storage 25 
for Storing the display control program to provide the 
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multi-window Screen presentation function of the present 
invention, a data Storage 26 for Storing a variety of files and 
data required to carry out a control program, the arithmetic 
unit (CPU) 27 for generally controlling the display device 2, 
and a communication unit 28 for performing a two-way 
communication with each terminal 1. 

0277. The communication unit 28 carries out a two-way 
communication with the terminal 1. The communication 
protocol used here is the TCP/IP. The communication unit 
28 has a protocol processing function for ARPICMP, IP, 
TCP, UDP, etc. required for the TCP/IP connection. 
0278. The display device 2 may be a plasma display, or 
a liquid-crystal display instead of the projector shown in 
FIG.1. The display 21 is different depending on the type of 
the display device 2. Specifically, the display 21 is one of a 
liquid-crystal light valve, an LCOS light valve, or a DMD 
(Digital Micromirror Device) (Trademark of Texas Instru 
ments) in the projector. The display Screen of the video 
memory 12 becomes a projecting Screen. The display 21 is 
a plasma display panel in the plasma display device, a 
liquid-crystal panel in the liquid-crystal display device, or an 
organic EL (Electroluminescent) panel in the organic EL 
display device. 
0279 Referring to FIG. 28, a variety of files stored in the 
data Storage 25 are discussed. 
0280 The data storage 26 stores a permitted connection 
management file 31, a permitted display management file 
32, a connection Status management file 33, a display Status 
management file 34, a tentative window area Setting file 35, 
and a window area information file 36. The data storage 26 
further includes a captured image data memory 37 for 
Storing the captured image data Sent from each terminal 1. 
0281. The permitted connection management file 31 reg 
isters a terminal name of a terminal 1 which is permitted for 
connection. The permitted display management file 32 reg 
isters a terminal name of a terminal 1 which is permitted for 
Screen display. 
0282. The connection status management file 33 registers 
a terminal name of a terminal 1 which is currently connected 
to the display device 2. 
0283 The display status management file 34 manages a 
display Status of the current display 21. The display Status 
management file 34 manages, in a table form, terminal 
information relating to the terminal 1 that is a Source of the 
captured image data currently presented on the display 
Screen of the display 21. The display Status management file 
34 is updated each time the display Screen of the display 21 
is modified. For example, if the display Screen is Switched 
from a four-window Screen to a three-window Screen, ter 
minal information of the terminal 1 corresponding to an 
erased window is deleted. If the display Screen is Switched 
from a four-window Screen to a five-window Screen, termi 
nal information of the terminal 1 corresponding to an added 
window is newly registered. 

0284 FIG. 5 illustrates items of terminal information 
managed in the display Status management file 34. 
0285) The display status management file 34 contains, as 
items thereof, a “terminal name', an “IP address', a “Screen 
Size”, “color count information”, “priority', a “capture area 
management flag”, a “difference capture management flag”, 
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a “captured image Size', a “difference captured image size 
1’, a “difference captured image Size 2, a “difference 
capture origin 1’, and a “difference capture origin 2. 
0286 The “terminal name' is a name provided before 
hand to the terminal 1. The "screen size' is the number of 
pixels in the Vertical and horizontal directions of the display 
screen of the display 11. For example, an SXGA terminal has 
1280x1024 pixels, and an XGA terminal has 1024x768 
pixels. The “color count information” represents the number 
of display colors of the display 11, and may be 256 colors, 
or 167,777,216 colors, for example. The terminal name, the 
IP address, the Screen size, and the color count information 
are the items that must be stored in the display Status 
management file 34 during a registration. Other items are Set 
(updated) by the user as necessary. 
0287. The “priority” determines the size of the display 
Size of each window assigned to the terminal 1 that is 
identified by the terminal name. The priority order takes 
“highest”, “high” or “none'. As will be discussed in detail, 
the display size having a high priority order becomes large. 
The “capture area management flag manages the capture as 
to whether the screen of the terminal 1 identified by the 
terminal name is captured in a full-screen capture mode or 
a partial-Screen capture mode. The capture area management 
flag is “0” in the full-screen capture mode, which is a 
Standard mode, or “1” in the partial-Screen capture mode. 
0288 The “difference capture management flag man 
ages the capture of whether the Screen of the terminal 1 
identified by the terminal name is captured in a normal 
capture mode or a change capture mode (hereinafter refer 
enced to as a difference capture mode) for only a change on 
the display Screen. The difference capture management file 
is “0” in the normal capture mode, or “1” in the difference 
capture mode. 
0289. The “captured image size” is the size of the cap 
tured image data (the number of pixels in the vertical and 
horizontal directions) when the capture area management 
flag is “1”, i.e., in the partial-Screen capture mode. 

0290 The “difference captured image size 1 and the 
“difference captured imageSize 2 represent the sizes of two 
different areas acquired in the difference capture when the 
difference capture management flag is “1”. The “difference 
capture origin 1’, and the “difference capture origin 2' are 
the origins of the two different areas acquired in the differ 
ence capture, and are the absolute coordinates within an area 
defined by the captured image size. 

0291. The tentative window area setting file 35 is a file in 
which information identifying a tentative window area 
assigned to the terminal 1 is set beforehand. The tentative 
window area setting file 35 contains a plurality of tables, 
each table prepared for the terminals. The table has a 
Structure as shown in FIG. 11A and FIG. 16A. The table 
will be discussed later. The window area information file 36 
will also be discussed later. 

0292. When a predetermined operation is performed on 
the input Section 23, the display 21 displays the contents of 
the files 31, 32,33, 34,35, and 36. The user thus checks and 
modifies the data on the display Screen at will. 
0293 Returning to FIG. 28, the display control unit 22 
includes a window area information generator 41, an image 
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Synthesizer 42, and an image processor 43. The arithmetic 
unit 27 receives a variety of requests Such as the connection 
request, the display request, the insertion display request, the 
erase request, etc., received through the user interface 24 or 
the communication unit 28. In response to these requests, 
under the control of the arithmetic unit 27, the processors 41, 
42, and 43 respectively perform required processes while 
accessing necessary files in the data Storage 26. The arith 
metic unit 27 thus controls the display 21. A display control 
program, Stored in the program Storage 25, for providing a 
multi-window Screen presentation function and the arith 
metic unit (CPU) 27 constitute the display control unit 22. 
0294. From the display status management file 34, the 
window area information generator 41 learns the number of 
terminals 1 to be presented, and the priority order and the 
Screen size of each terminal 1. The window area information 
generator 41 splits the display Screen Size of the display 21 
in accordance with the number of terminals 1 to be pre 
Sented, and the priority order and the Screen size of each 
terminal 1. The window area information generator 41 
generates the window area information containing display 
Size (hereinafter referred to as a window area Size) of the 
window on the display 21 assigned to each terminal 1 to be 
displayed, and information identifying the display position 
of the window (the absolute coordinates at the top left corner 
of the window with respect to the display Screen, hereinafter 
also referred to as an origin). The information is stored in the 
data storage 26 as the window area information file 36. 
0295) The image synthesizer 42 performs various pro 
ceSSes including a contraction process, an expansion pro 
ceSS, and a color conversion process on the captured image 
data Stored in the captured image data memory 37, and then 
Synthesizes the captured image data in accordance with the 
window area information file 36 generated in the window 
area information generator 41. 
0296. The image processor 43 performs a scanning fre 
quency conversion process on a variety of pieces of image 
data Such as the Synthesized image data generated in the 
image Synthesizer 42, and the display Status management 
file 34 of the data Storage 26 which is referenced using an 
OSD (on-screen display) function, thereby generating dis 
play image data and outputting the display image data to the 
display 21. The image processor 43 includes a Scan con 
verter, for example. 

0297. The operation of the second preferred embodiment 
of the present invention will now be discussed. FIG. 29 is 
a flow diagram illustrating the operation of the Second 
preferred embodiment. 
0298. A predetermined operational input is entered in the 
input Section 23 in the display device 2 in a preliminary Step 
for multi-Window Screen presentation. Upon detecting the 
operational input through the user interface 24, the arith 
metic unit 27 broadcasts a request to return a terminal name 
and an IP address together with the IP address of the display 
device 2 through the communication unit 28 and the network 
3. When each terminal 1 receives the broadcast request to 
return the terminal name and the IP address, the terminal 1 
returns own terminal name and IP address to the display 
device 2. 

0299 The display device 2 receives a reply (the terminal 
name and the IP address) from each terminal 1 through the 
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communication unit 28, and determines whether each ter 
minal is a connection permitted terminal. Specifically, the 
display device 2 determines whether the returned terminal 
name agrees with a terminal name registered in the permit 
ted connection management file 31. If it is determined that 
the returned terminal name agrees with the registered ter 
minal name, the display device 2 handles the terminal 1 as 
a connection permitted terminal. 

0300. The terminal names and the IP addresses of the 
terminals 1 determined as connection permitted terminals 
are Successively registered in the connection Status manage 
ment file 33. The connection status management file 33 
allows the display device 2 to learn how many terminals 1 
are currently connected. Since the determination of whether 
the connection is permitted or not is based on the terminal 
name, the system works even if the IP address, provided to 
the terminal 1 using the DHCP, becomes different each time 
connection is made. 

0301 The display device 2 waits on standby for any 
request after the above preliminary Step is complete. The 
display Screens of the four terminals 1a-1d, out of the 
terminals 1 operated by conference participants, are pre 
sented on a multi-window display screen 50 of the display 
device 2. As for the resolutions thereof, the terminal 1a has 
an SXGA resolution (1280x1024 pixels), the terminal 1b has 
an SVGA resolution (800x600 pixels), the terminal 1c has 
an XGA resolution (1024x768 pixels), and the terminal 1d 
has a resolution of 480x640 pixels. 
0302 Multi-Window Screen Presentation Function 
0303 FIG. 8 illustrates the configuration of the display 
System in which display Screens of four terminals 1a-1d are 
presented on the display Screen of the display device 2. 

0304. The user operates the remote controller in the input 
Section 23 to enter an operational input to display the Screens 
of the terminals 1a-1d. Through the user interface 24, the 
arithmetic unit 27 is notified of the input information, 
namely, a request to display the Screens of the terminals 
1a-1d together with identification information of the termi 
nals 1a-1d (step S1). When the request is placed, the priority 
order, the partial capture, and the difference capture may be 
designated. Here, no particular designation is performed. 

0305. Upon receiving the display request, the arithmetic 
unit 27 in the display device 2 performs processes in Steps 
S3-S9 for each of the terminals 1a-1d to be displayed (step 
S2). The arithmetic unit 27 references the permitted con 
nection management file 31 and the permitted display man 
agement file 32 according to the terminal name indicated by 
the identification information contained in the display 
request, thereby determining whether or not each terminal 1 
is permitted for connection and whether or not each terminal 
1 is permitted for display (step S3). If it is determined that 
each terminal 1 is permitted for both connection and display 
(step S4), the arithmetic unit 27 requests, through the 
communication unit 28, each terminal 1 to Send the terminal 
information (the terminal name, the IP address, the Screen 
size, and the color count information) (step S5). The arith 
metic unit 27 receives the terminal information which has 
been sent in response to the request (step S6), and registers 
the terminal information in the display Status management 
file 34 (step S7). If the priority order, the partial capture, and 
the difference capture are designated during the placement 
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of the display request, the priority order, the capture area 
management flag, and the difference capture management 
flag are also registered in the registration in Step S7. 
0306 The arithmetic unit 27 sends the display status 
management file 34 and a Screen capture Start command to 
the terminal 1 which is permitted for connection and display 
(step S8). When any terminal 1 is not permitted for connec 
tion and display, the arithmetic unit 27 Sends a notification 
to that effect to the terminal 1 (step S9). 
0307 If all four terminals 1a-1d are permitted for con 
nection and display, the terminal information from the 
terminals 1a-1d is registered in the display Status manage 
ment file 34 in the processes in steps S2-S9. At the same 
time, the Screen capture Start command is Sent together with 
the display Status management file 34 to each of the termi 
nals 1a-1d through the communication unit 28. 
0308 Subsequent to the above processes, the arithmetic 
unit 27 notifies the window area information generator 41 in 
the display control unit 22 of a window area split request. 
The display device 2 enters a window area information 
generation process (step S10). The operation of the terminal 
1 having received the Screen capture Start command will be 
discussed later. Discussed first is the window area informa 
tion generation process performed by the window area 
information generator 41 in response to the window area 
Split request. 

0309 FIG. 9 is a flow diagram illustrating the flow of a 
window area information generation process. The operation 
of the window area information generator 41 is specifically 
discussed on the assumption that the display Status manage 
ment file 34 is constructed as shown in FIG. 10. As shown 
in FIG. 10, terminal names PC-1, PC-2, PC-3, and PDA-1 
correspond to the terminals 1a, 1b, 1c, and 1d, respectively. 
0310. Upon receiving the window area split request from 
the arithmetic unit 27, the window area information genera 
tor 41 learns the number of the terminals 1 to be displayed 
(here, four terminals 1) referencing the display status man 
agement file 34. The user interface 14 also acquires the 
priority order of each of the terminals 1a-1d (step S21). The 
window area information generator 41 references the tenta 
tive window area setting file 35 according to the number of 
terminals 1 and the priority order of each of the terminals 
1a-1d, and acquires a tentative size and a tentative origin of 
each tentative window area assigned to each of the terminals 
1a, 1b, 1c, and 1d (step S22). As will be clarified later, the 
adjective “tentative' is used because the area window here 
assigned to the terminal 1 is updated in a later Step to Size 
convert the captured image data. 

0311. As shown in FIG. 10, the four terminals 1 are to be 
displayed here and no priority order is Set to all of the four 
terminals 1. A tentative area Setting table in the tentative 
window area setting file 35 is organized as shown in FIG. 
11A. Here, the display screen of the display 21 has a 
resolution of 1280x1024 (SXGA), and the tentative area 
setting table shown in FIG. 11A is organized based on this 
display screen. FIG. 11B shows the tentative window area 
based on the table window area setting table shown in FIG. 
11A. 

0312 The priority order shown in FIG. 11A is deter 
mined based on the “priority' item in the display status 
management file 34, and the terminals 1 are first, Second, 
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third, and fourth in from the high order to the low order. The 
terminals 1 are assigned the “tentative size' and the "ten 
tative origin” for the tentative window area in the lower 
table. All the terminals 1a-1d have “none” in the priority 
order row with no priority order set therefor (see FIG. 10). 
If no priority order is Set, the order of assignment may be a 
predetermined one, or may be the order of registration to the 
display Status management file 34. In the Second preferred 
embodiment, the terminals 1a, 1b, 1c, and 1d (hereinafter 
referred to as the terminal names PC-1, PC-2, PC-3, and 
PDA-1 as appropriate) are assigned tentative window areas 
50A, 50B, 50C, and 50D in that order. 

0313 The window area information generator 41 further 
acquires the screen sizes of the PC-1, PC-2, PC-3, and 
PDA-1 from the display status management file 34 (see FIG. 
10), and determines the sizes and origins of true windows 
respectively assigned thereto based on the acquired Screen 
sizes (step S23). 
0314 FIG. 12 illustrates the true window area size and 
the true origin. As shown, 51A, 51B, 51C, and 51D represent 
the true window areas assigned to the PC-1, PC-2, PC-3, and 
PDA-1, respectively. The captured image data to be dis 
played on the tentative window area is size converted with 
the aspect ratio thereof maintained. The true window areas 
are display areas of the tentative window areas 50A, 50B, 
50C, and 50D in which the converted images are respec 
tively displayed with the centers thereof aligned to be 
centered on the respective tentative window areas. The PC-2 
is now specifically discussed in connection with the true 
window area Size to determine the true window area. The 
screen size of the PC-2 is 1024x768 pixels (see FIG. 10). 
The image data of this size is contracted with the aspect ratio 
thereof (namely, the aspect ratio of the display Screen of the 
display 11) maintained So that the image data is displayed 
within the window area 50B having the size of 640x512 
pixels assigned to the PC-2. The contracted size is thus the 
true window area size. The true origin is used to place the 
window of that size at the center of the window area 50B as 
shown in FIG. 12, and is represented in pixel coordinates at 
the top left corner of the window (the absolute coordinates 
with respect to the entire display Screen). 
0315. The window area information generator 41 deter 
mines the above-referenced true window area Sizes and true 
origins for the PC-1, PC-2, PC-3, and PDA-1, and generates 
window area information containing the terminal name item, 
the window area item, and the origin item as shown in FIG. 
13, and then stores the window area information in the data 
storage 26 as the window area information file 36 (step S24). 
The window area information generation process thus ends. 
The window area information file 36 is tagged with pro 
cessing date (May 21, 2002, 17:00:32, for example). 
0316 Returning to FIG. 29, the arithmetic unit 27 in the 
display device 2 performs processes in StepS S12-S14 to 
each of the terminals 1a, 1b, 1c, and 1d to be displayed (Step 
S11) when the window area information generator 41 com 
pletes the window area information generation process (Step 
S10). More specifically, the arithmetic unit 27 places a 
request to send the captured image data (step S12). Each of 
the terminals 1a, 1b, 1c, and 1d has already started the image 
capture process after receiving the capture Start command 
transmitted from the display device 2 in step S8. The 
captured image data acquired in the Screen capture proceSS 
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and the image size (in the partial capture process) are sent to 
the display device 2 in response to the request to Send the 
captured image data in Step S11. 
0317. The display device 2 receives the reply from the 
terminal 1 (step S13). If the rely is the captured image data, 
the display device 2 determines that the Screen capture 
performed by the terminal 1 is the full-screen capture (step 
S14), and the received captured image data is written onto 
the captured image data memory 37 (step S16). 
0318) If the reply from the terminal 1 received in step S13 
contains the captured image data and the image size, the 
arithmetic unit 27 determines the Screen capture performed 
by the terminal 1 is a partial-screen capture (step S14). The 
captured imageSize in the display Status management file 34 
is updated with the received image size. The arithmetic unit 
27 regenerates the window area information (the true win 
dow area size and the true origin) based on the received 
image size (step S15). The arithmetic unit 27 writes the 
received captured image data together with the image size 
on the captured image data memory 37 (step S16). 
03.19. The above process is performed for each of the 
terminals 1a-1d. When the captured image data is received 
from the terminals 1a-1d, the arithmetic unit 27 sends an 
image Synthesis command to the image Synthesizer 42. The 
display device 2 enters the image Synthesis process. (Step 
S17). 
0320. Upon receiving the image Synthesis command, the 
image Synthesizer 42 performs the size conversion proceSS 
and the color conversion proceSS on the captured image data 
Stored in the captured image data memory 37 based on the 
window area information in the window area information 
file 36 and the color count information in the display status 
management file 34. The image Synthesizer 42 then the 
captured image data into a single Screen image data, thereby 
generating the Synthesized image data. The Synthesized 
image data is then output to the image processor 43. 
0321) The image processor 43 converts the synthesized 
data from the image Synthesizer 42 in display image data 
having a Scanning frequency of the display 21. The display 
image data is then output to the display 21. AS shown in 
FIG. 8, a multi-window display is thus present on the 
display Screen 50 in which the captured image data (display 
Screen) of the terminals 1a, 1b, 1c, and 1d is presented on the 
true window areas (hereinafter also referred to as window 
screens) of 51A, 51B, 51C, and 51D (step S18). 
0322 The operation of the terminal 1 having received the 
capture Start command and the display Status management 
file 34 from the display device 2 is discussed below. 
0323 FIG. 30 is a flow diagram of an operation of the 
terminal 1 which has received the capture Start command 
and the display Status management file 34 from the display 
device 2. The terminal 1 is here 1a (PC-1). 
0324. The data management processor 18 in the terminal 
1a receives, through the communication unit 17, the capture 
Start command and the display Status management file 34 
sent from the display device 2 (step S31). The data man 
agement processor 18 references the capture area Setting flag 
in the terminal 1a in the display Status management file 34 
(step S32). Since the capture area Setting flag is “0” (step 
S33), the full-screen capture is determined to be activated. 
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The data management processor 18 Sends a full-screen 
capture command to the Screen capture processor 19. In 
response to the full-screen capture command, the Screen 
capture processor 19 Stores the content of the video memory 
12 (i.e., the content currently displayed on the display Screen 
of the display 11) in the storage 15 in a bit-map format (the 
full-screen capture process) (Step S34). The image capture 
processor 19 notifies the data management processor 18 of 
the completion of the Screen capture process. 

0325 If the capture area setting flag is “1” in step S33, a 
partial capture is determined to be activated. A capture area 
designation Screen indicating a message Saying “designate a 
capture area” is presented on the display 11 (step S35), and 
a partial capture command is sent to the Screen capture 
processor 19. When the user, who reads the message on the 
capture area designation Screen, Selects a window or 
encloses. a desired area using the input Section 13, the Screen 
capture processor 19 recognizes the user operation through 
the user interface 14. The image data on the Video memory 
12 corresponding to the designated area and the image size 
is stored in the storage 15 (the partial capture process) (Step 
S36). The image capture processor 19 notifies the data 
management processor 18 of the completion of the Screen 
capture proceSS. 

0326 Upon receiving the capture start command, the 
terminal 1a performs the Screen capture process. Mean 
while, the display device 2 performs the window area 
information generation proceSS as already described. The 
terminal 1a Sends the captured image data and the imageSize 
(in the partial capture) to the display device 2 through the 
communication unit 17 (step S38) after the screen capture 
processor 19 completes the Screen capture process and the 
request to Send the captured image data is received from the 
display device 2 (step S37). 
0327. The above-referenced process is similarly per 
formed on each of the remaining terminals 1b, 1C, and 1d in 
addition to the terminal 1a. As a result, the display device 2 
receives, from each of the terminals 1a, 1b, 1c, and 1d, the 
captured image data and the image size (in the partial 
capture process). 

0328. Each terminal 1 receives the display status man 
agement file 34 from the display device 2. The display status 
management file 34 is used to check the Status of the capture 
area Setting flag of own terminal 1. Furthermore, the content 
of the file may be displayed on the display 11 by performing 
a predetermined operation on the input Section 13. The 
permitted connection management file 31, the permitted 
display management file 32, and the connection Status 
management file 33 may also be acquired from the display 
device 2 as necessary to be presented on the display 11. In 
this way, the user may learn what terminals are displayed 
other than own terminal operated by the user himself and the 
range of authority granted to own terminal 1. 

0329 Expansion Display Function 

0330. The expansion display function for expanding any 
one of a plurality of currently presented windows is dis 
cussed below. The expansion display function is performed 
by updating the priority order in the above-referenced 
arrangement. 
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0331 FIG. 15 diagrammatically illustrates the display 
System to explain the expansion display function. The Screen 
of the terminal 1a is expanded by heightening the priority 
order of the terminal 1a. 

0332 The screen of the terminal 1a is designated by 
operating the remote controller. If the terminal 1a is assigned 
any key in the remote controller, the user designates the 
terminal 1a by pressing that key. If no particular key is 
assigned, the user may operate the remote controller to Select 
the terminal 1a on a menu Screen on the display 21, or may 
click the Screen of the terminal 1a with a pointer on the 
display Screen using the remote controller. 
0333 Designation information input in this way, i.e., the 
expansion display request containing the identification 
information of the terminal 1a, is Sent to the arithmetic unit 
27 through the user interface 24. The arithmetic unit 27 
identifies the terminal 1a based on the identification infor 
mation contained in the expansion display request. The 
arithmetic unit 27 sets the priority order of the terminal 1 a 
(PC-1) in the display status management file 34 to be 
“highest”, and sends a window area split request to the 
window area information generator 41. 
0334. The window area information generator 41 gener 
ates the window area information file 36 as already 
described. The tentative window area setting table, which is 
referenced in the generation of the window area information 
file 36, is organized as illustrated in FIG. 16A. FIG. 16B 
shows tentative window areas based on the tentative window 
area setting table. The priority order illustrated in FIG. 16B 
is determined based on the priority order in the display Status 
management file 34. The priority order of the terminal 1a is 
higher than those of the remaining terminals 1b, 1c, and 1d. 
The terminal 1a is thus assigned the tentative window area 
52A(the window area for the first terminal) having the first 
priority in FIG. 16B. The assignment of the window areas 
to the remaining terminals 1b, 1C, and 1d having no priority 
order set therefor is arbitrary. For example, the terminals 1b, 
1c, and 1d are now assigned the window areas 52B, 52C, and 
52D, respectively. As already described, the true window 
areas to be assigned to the terminals 1b, 1c, and 1d are 
determined. 

0335 FIG. 17 illustrates the true window areas. The 
terminals 1a, 1b, 1c, and 1d are assigned the true window 
areas 53A, 53B, 53C, and 53D, respectively. The window 
area information file 36 is then organized as illustrated in 
FIG. 18. 

0336 AS already described, the captured image data 
(display Screen) of the terminals 1b, 1c, and 1d appears on 
the true window areas 53A, 53B, 53C, and 53D, respec 
tively. The designated window 53A is shown in the 
expanded state on the multi-window screen 50 as shown in 
FIG. 15. 

0337) Function to Switch to Single-Window Screen 
0338 One of the plurality of multi windows is shown on 
a single-window screen as shown in FIG. 19. The user 
operates the remote controller to enter an operational input 
for the function to switch to a single-window screen. More 
specifically, the arithmetic unit 27 is notified of the input 
information, namely, the Single-window display request 
containing the identification information of the terminal 1C 
corresponding to the window 51C to be displayed on the 
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Single-window Screen, through the user interface 24. The 
arithmetic unit 27 identifies the terminal 1c based on the 
identification information contained in the Single-window 
display request. The arithmetic unit 27 sets the priority order 
item of the terminal 1c (PC-3) in the display status man 
agement file 34 to be the highest, thereby Sending a window 
area split request to the window area information generator 
41. 

0339. As a result, the multi-window screen is replaced 
with the single-window screen as shown in FIG. 19. The 
user may return to the multi-Window Screen by performing 
a predetermined operation on the remote controller to Set the 
priority order to “none”. 
0340. The Switching to the single-window screen allows 
the user to recognize details, which are not visible in the 
contracted Scale on the window. The ease of use is assured 
because the predetermined operation quickly returns the 
Screen to the multi-window Screen. 

0341 
0342. As shown in FIG.20, a new screen may be inserted 
into a currently presented multi-window Screen. Such an 
insertion corresponds to a display request Subsequent to the 
display of a multi-Window Screen. The Screen insertion is 
thus performed in the Same process as in the display request 
proceSS. 

0343 Erase Function 
0344 As shown in FIG. 21, one of the plurality of 
currently presented windows may be erased. The user oper 
ates the remote controller to enter an operational input for 
the erase function. More specifically, the input information, 
namely, an erase request containing the identification infor 
mation of the terminal 1d corresponding to the window 51D 
to be erased is sent to the arithmetic unit 27 through the user 
interface 24. The arithmetic unit 27 identifies the terminal 1d 
based on the identification information contained in the 
erase request. The arithmetic unit 27 deletes the terminal 
information of the terminal 1d from the display status 
management file 34, and Sends a window area split request 
to the window area information generator 41. The Subse 
quent proceSS remains identical to the one already discussed. 
The window 50D designated for erasure is erased as shown 
in FIG. 21. The multi-window screen is reorganized so that 
a plurality of windows corresponding to the number of 
terminals Subsequent to the erasure are presented. Alterna 
tively, the window 51D designated for erasure may be 
merely erased. 
0345. In accordance with the second preferred embodi 
ment, the Screens respectively presented on the plurality of 
terminals 1 connected to the network 3 are presented on the 
display of the display device 2 having the multi-Window 
Screen presentation function. 

Insertion Function 

0346 Since the expansion display function, the Switching 
function to the Single-window Screen, the insertion function, 
and the erase function are available in addition to the 
multi-Window Screen presentation function, a Sophisticated 
display device 2 is provided. 
0347 The size conversion is performed with the aspect 
ratio of the captured image data maintained when a multi 
window Screen is presented. The display device 2 thus 
presents a display Screen free from discordance. 
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0348 Rather than updating the display screen each time 
the conference participant (the user) places the display 
request through the input Section 23, the display device 2 
itself updates the display Screen thereof every three Seconds, 
for example. In this case, the arithmetic unit 27 in the display 
device 2 controls timings, thereby performing Subsequent 
processes as described above at regular intervals. The dis 
play Screen of each terminal 1 is constantly updated. 

0349. Difference Capture Function 
0350. The full-screen capture method and the partial 
Screen capture method have been described. The display 
system 100 also provides a method in which a change in the 
display Screen on the terminal 1 is detected and image data 
obtained by capturing the change only is sent. 

0351. The user operates the remote controller of the input 
Section 23 to enter an operational input to perform a differ 
ence capture on each of the terminals 1a-1d. More specifi 
cally, the difference capture management flag in the display 
status management file 34 is set to be “1”. 
0352 For a first cycle of process Subsequent to the setting 
of the difference capture management flag to “1”, Steps 
S1-S18 are performed as described above to present the 
multi-window Screen. 

0353. After the completion of the multi-window presen 
tation, the arithmetic unit 27 in the display device 2 Sends a 
difference capture Start command together With the display 
Status management file 34 to the terminal 1, having the 
difference capture management flag Set to “1”, through the 
communication unit 28 and the network 3. 

0354) The operation of the terminal 1 having received the 
difference capture Start command and the display Status 
management file 34 from the display device 2 will be 
discussed below. 

0355 FIG.22 is a flow diagram illustrating the operation 
of terminal which has received the difference capture Start 
command and the display Status management file 34 from 
the display device 2. Here, the terminal is the terminal 1 a 
(PC-1). 
0356. The data management processor 18 in the terminal 
1a receives, through the communication unit 17, the differ 
ence capture Start command and the display Status manage 
ment file 34 sent by the display device 2 (step S41). The 
terminal 1a thus performs a Subsequent full-screen capture 
process. More Specifically, the Screen capture processor 19 
stores the content of the video memory 12 in the storage 15 
(step S42). The image data obtained here is referred to as 
pre-full-screen data. 

0357 The screen comparison processor 20 references the 
difference capture management flag in the display Status 
management file 34, received by the data management 
processor 18, at any regular intervals set (once every 0.5 
second, for example) (step S43). If the difference capture 
management flag is “1” (Step S44), a Subsequent difference 
capture operation is performed. 

0358 To quit the difference capture operation, the user 
Simply Sets the difference capture management flag to “0” in 
the same way the display Status management file 34 is 
modified. The Screen comparison processor 20 determines 
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whether or not the capture operation is Suspended, by 
referencing the difference capture management flag. 
0359. After performing the full-screen capture process, 
the Screen capture processor 19 Stores the content of the 
video memory 12 in the storage 15 (step S45). The image 
data obtained here is referred to as post-full-screen data. The 
Screen comparison processor 20 in the controller 16 com 
pares the pre-full-screen data with the post-full-screen data 
(step S46). 
0360 A screen comparison process is discussed in which 
a mouse pointer is moved (see FIG. 23). The mouse pointer 
changes the position thereof from pre-full-screen data 60 
and post-full-screen data 61. As shown in FIG. 24, two areas 
70 and 71 are recognized as being changed. The Screen 
comparison processor 20 detects a change. If it is determined 
that there has been a change in the Screen (Step S47), the 
Screen comparison processor 20 acquires image data of an 
area that has undergone a change, a Size of the image data 
(the number of pixels in Vertical and horizontal directions), 
and coordinates of an origin of the image data (absolute 
coordinates within the area defined by the captured image 
Size in the display status management file 34). 
0361. In this case, the screen comparison processor 20 
acquires, with respect to the area 70, captured image data of 
the area 70 (hereinafter referred to difference captured image 
data 1), a difference captured image size 1, and a difference 
capture origin 1, and with respect to the area 71, captured 
image data of the area 71 (hereinafter referred to difference 
captured image data 2), a difference captured image size 2, 
and a difference capture origin 2. The Screen comparison 
processor 20 then Stores these pieces of information in the 
Storage 15 while notifying the data management processor 
18 that the difference captured image data has been acquired 
(step S48). The difference captured image size 1, the differ 
ence captured image size 2, the difference capture origin 1, 
and the difference capture origin 2 are written on the 
respective portions thereof in the display Status management 
file 34. 

0362. The data management processor 18 sends these 
pieces of data to the display device 2 through the commu 
nication unit 17 and the network 3 (step S49). The difference 
capture function is different from the full-screen capture and 
the partial-Screen capture. More specifically, the difference 
capture function is performed not in response to the request 
to Send received from the display device 2 but in response 
to the change in the Screen detected by the Screen compari 
Son processor 20. The transmission operation of the captured 
image data is then performed. 
0363 The post-full-screen data is set to be pre-full-screen 
data for a Subsequent Screen comparison process (Step S50). 
0364. The display device 2 then receives the difference 
captured image data 1, the difference captured image data 2, 
and the display Status management file 34 from the terminal 
1a. The operation of the display device 2 Subsequent to the 
reception of these pieces of data will now be discussed. 
0365. Upon receiving the difference captured image data 
1, the difference captured image data 2, and the display 
Status management file 34 from the terminal 1a at the 
communication unit 28, the arithmetic unit 27 transfers an 
image Synthesis command to the image Synthesizer 42. The 
display device 2 enters the image Synthesis process in the 
difference capture function. 
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0366 Upon receiving the image synthesis command, the 
image Synthesizer 42 rewriteS portions of the captured image 
data Stored in the captured image data memory 37 corre 
sponding to the difference captured image data 1 and the 
difference captured image data 2, based on the window area 
information file 36 corresponding to the image displayed on 
the display 21 and the display status management file 34 (the 
difference captured image size 1, the difference captured 
image Size 2, the difference capture origin 1, and the 
difference capture origin 2) received from the terminal 1a. 
The process Subsequent to this operation are identical to 
those in steps S17 and S18. 
0367 The amount of image data transmitted over the 
network 3 is Smaller in the difference capture process than 
in the full-screen capture (or the partial-screen capture) 
process. The workload on the network 3 is thus reduced. The 
user constantly monitors an updated image of the terminal 1. 
0368. The above description of the difference capture 
proceSS is based on the assumption that a dedicated program 
installed on the terminal 1 is used to capture the Screen. If 
a driver for directly detecting a difference in the content of 
the video memory is available on the operating System (OS), 
Such a driver may be used. 
0369 The image data may be exchanged in a compres 
sion standard format (such as JPEG) between the terminal 1 
and the display device 2 to reduce the workload on the 
network 3. 

0370. In the above description, a variety of requests such 
as the display request and the Single-window Screen presen 
tation request is performed by operating the input Section 23 
on the display device 2. In other words, the display device 
2 has the initiative in the organization of the Screen. Alter 
natively, each terminal 1 may have the initiative. The 
conference participant (the user) enters a desired operational 
input by operating the input Section 13 on own terminal 1. 
The input information is transferred to the data management 
processor 18 through the user interface 14. The data man 
agement processor 18 in turn Sends the request, including the 
terminal name and the IP address of own terminal 1, 
responsive to the input information to the display device 2 
via the communication unit 17 and the network 3. The 
request is received by the communication unit 28 in the 
display device 2 through the network 3. The request is then 
transferred to the arithmetic unit 27. The operation Subse 
quent thereto remains the Same as those already discussed. 
In this way, a variety of requests may be placed on the 
terminal 1. 

0371 The terminal 1 may designate the capture area by 
containing information, which designates the full-screen 
capture or the partial-screen capture, in the variety of 
requests. 
0372 The priority order may be designated by the user as 
necessary as described above. Alternatively, a plurality of 
terminals 1 which are scheduled to be connected to the 
display device 2 may be assigned beforehand priority order. 
If the terminals 1 are assigned beforehand the priority order, 
the priority assigned to each terminal 1 is automatically Set 
in the priority item of the display Status management file 34 
when the terminal information is registered in the display 
Status management file 34. 
0373) In the second preferred embodiment, the tentative 
window area is determined based on the tentative window 
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area setting file 35. Alternatively, the tentative window area 
may be determined through calculation each time. 

What is claimed is: 
1. A display System comprising: 
a plurality of terminals, each terminal having a Screen 

capture function, and Sending image data, captured 
using the Screen capture function, over a network, and 

a network interactive display device, including a display, 
receiving the captured image data transmitted from the 
terminal through the network, and having a multi 
window Screen presentation function for Synthesizing 
the captured image data into Single Screen multi-win 
dow format data to be displayed on a display Screen of 
the display, 

wherein, as processes required to present the Single Screen 
multi-Window format data on the display Screen of the 
display of the network interactive display device, the 
terminal performs a size conversion process of an 
imageSize of the image data captured using the Screen 
capture function and the network interactive display 
device acquires the captured image data Subsequent to 
the size conversion thereof from the terminal, and 
Synthesizes the received captured image data. 

2. A display System according to claim 1, wherein the 
network interactive display device divides the display Screen 
of the display into windows of the number equal to the 
number of terminals to be displayed, determines a display 
Size of the window assigned to each terminal to be dis 
played, and sends information of the display size to the 
terminal, and wherein the terminal performs the size con 
version process on the imageSize of the captured image data 
to the received display Size when the terminal receives the 
display size. 

3. A display System according to claim 1, wherein, in 
addition to the size conversion proceSS on the image data 
captured using the Screen capture function, the terminal 
further performs a color conversion proceSS on the captured 
image data in accordance with a color count of the display 
of the network interactive display device before Sending the 
captured image data to the network interactive display 
device. 

4. A display System according to claim 3, wherein the 
network interactive display device also sends the color count 
of own display to the terminal when Sending the display size 
to the terminal, while the terminal performs the color 
conversion process in response to the color count received 
from the network interactive display device. 

5. A network interactive display device connected to each 
of a plurality of terminals through a network, each terminal 
having a Screen capture function, the network interactive 
display device comprising: 

a display; 
a communication unit for communicating in a two-way 

fashion with each of the terminals; and 
a display control unit, 
wherein the communication unit receives the image data 

which has been captured by each terminal through the 
Screen capture function thereof, and which has been 
Size converted to a predetermined image size by each 
terminal, and the display control unit has a multi 
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window Screen presentation function for Synthesizing 
the captured image data received by the communication 
unit into Single Screen multi-window format data to be 
displayed on a display Screen of the display. 

6. A network interactive display device according to claim 
5, wherein the display control unit has an insertion function 
for inserting a new window into a current display Screen to 
display the new window. 

7. A network interactive display device according to claim 
5, wherein the terminal that provides the captured image 
data to be displayed on the display Screen of the display is 
Selected in a two-way communication of the communication 
unit by one of the network interactive display device and the 
terminal. 

8. A network interactive display device according to claim 
5, wherein the display control unit has an expansion display 
function for expanding a predetermined window from 
among a plurality of windows forming a multi-Window 
Screen displayed on the display Screen of the display. 

9. A network interactive display device according to claim 
5, wherein the display control unit has a Single-window 
Screen Selection function for Switching the display Screen 
from a predetermined window from among a plurality of 
windows forming a multi-window Screen displayed on the 
display Screen of the display to a single-window full Screen. 

10. A network interactive display device according to 
claim 5, wherein the display control unit has an erase 
function for erasing a predetermined window from among a 
plurality of windows forming a multi-window Screen dis 
played on the display Screen of the display. 

11. A network interactive display device according to 
claim 10, wherein the predetermined window is selected by 
one of the network interactive display device and the ter 
minal in a two-way communication of the communication 
unit thereof. 

12. A network interactive display device according to 
claim 5, wherein the image captured data received from the 
terminal is obtained by designating the whole or a portion of 
the display Screen of the terminal. 

13. A network interactive display device according to 
claim 5, wherein the captured image data received from the 
terminal is obtained by detecting and capturing only a 
change on the display Screen of the terminal. 

14. A network interactive display device according to 
claim 5, further comprising a display size determining unit 
that divides the display Screen of the display into windows 
of the number equal to the number of terminals to be 
displayed, and determines a display Size of the window to 
which the terminal to be displayed is assigned, and a 
controller that sends the display Size determined by the 
display size determining unit to the corresponding terminal 
through the communication unit, wherein the controller 
receives, through the communication unit, the captured 
image data, having the converted size equal to the display 
Size of the window assigned to the terminal, from the 
terminal to which the display size is sent, and controls the 
display control unit to Synthesize the received captured 
image data into Single Screen multi-Window format data to 
be displayed on the display Screen of the display. 

15. A network interactive display device according to 
claim 14, wherein an aspect ratio of the window assigned to 
the terminal to be displayed is equalized to an aspect ratio of 
the display Screen of the display of the terminal. 
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16. A network interactive display device according to 
claim 5, wherein, through the communication unit, the 
controller also sends a display color count of the display to 
the terminal when Sending the display size to the terminal, 
and receives the captured image data having the converted 
Size equal to the display size of the window assigned to the 
terminal and having the display color count converted to the 
display color count of the display of the network interactive 
display device, from the terminal to which the display size 
and the display color count have been sent, and controls the 
display control unit to Synthesize the received captured 
image data into Single Screen multi-Window format data to 
be displayed on the display Screen of the display. 

17. A terminal connected to a network interactive display 
device according to claim 5 through a network, the terminal 
comprising: 

a display; 

a communication unit that communicates in a two-way 
fashion with the network interactive display device; 

a Screen capture processor that captures the content dis 
played on the display Screen of the display; 

an image converter which converts the image data cap 
tured by the Screen capture processor to data of a 
predetermined image size; and 

controller that sends the captured image data, Size 
converted by the image converter, from the communi 
cation unit to the network interactive display device, 

wherein the terminal generates the captured image data 
that is to be displayed on one of the multi windows 
displayed on the display Screen of a display of the 
network interactive display device. 

18. A terminal according to claim 17, wherein the display 
Screen of the display of the network interactive display 
device is divided into windows of the number equal to the 
number of terminals to be displayed, a display Size of the 
window assigned to each terminal to be displayed is deter 
mined, and the image converter converts the image data 
captured by the Screen capture processor to data of the 
display size assigned to own terminal. 

19. A terminal according to claim 17, wherein the image 
converter performs a color conversion proceSS on the cap 
tured image data to match the display color count of the 
display of the network interactive display device in addition 
to the size conversion process, and the controller Sends the 
captured image data, which has been Subjected to the size 
conversion process and the color conversion process, from 
the communication unit to the network interactive display 
device. 

20. A network interactive display device connected to 
each of a plurality of terminals through a network, each 
terminal having a Screen capture function, the network 
interactive display device comprising: 

a display; 
a communication unit for communicating in a two-way 

fashion with each of the terminals; and 
a display control unit, 
wherein the display control unit has a multi-window 

Screen presentation function for Synthesizing the cap 
tured image data, captured by each terminal through the 
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Screen capture function and received by the communi 
cation unit, into Single Screen multi-window format 
data to be displayed on display Screen of the display of 
the network interactive display device. 

21. A network interactive display device according to 
claim 20, wherein the display control unit has an insertion 
function for inserting a new window into a current display 
Screen to display the new window. 

22. A network interactive display device according to 
claim 20, wherein the terminal that provides the captured 
image data to be displayed on the display Screen of the 
display is Selected in a two-way communication of the 
communication unit by one of the network interactive dis 
play device and the terminal. 

23. A network interactive display device according to 
claim 20, wherein the display control unit has an expansion 
display function for expanding a predetermined window 
from among a plurality of windows forming a multi-Window 
Screen displayed on the display Screen of the display. 

24. A network interactive display device according to 
claim 20, wherein the display control unit has a single 
window Screen Selection function for Switching the display 
Screen from a predetermined window from among a plural 
ity of windows forming a multi-window Screen displayed on 
the display Screen of the display to a single-window full 
SCCC. 

25. A network interactive display device according to 
claim 20, wherein the display control unit has an erase 
function for erasing a predetermined window from among a 
plurality of windows forming a multi-window Screen dis 
played on the display Screen of the display. 

26. A network interactive display device according to 
claim 25, wherein the predetermined window is selected by 
one of the network interactive display device and the ter 
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minal in a two-way communication of the communication 
unit thereof. 

27. A network interactive display device according to 
claim 20, wherein the captured image data received from the 
terminal is obtained by designating the whole or a portion of 
the display Screen of the terminal. 

28. A network interactive display device according to 
claim 20, wherein the captured image data received from the 
terminal is obtained by detecting and capturing only a 
change on the display Screen of the terminal. 

29. A network interactive display device according to 
claim 20, wherein the display control unit comprises a 
window area information generator which divides the dis 
play Screen of the display into windows of the number equal 
to the number of terminals to be displayed, and generates 
window area information containing a display size of the 
window to which the terminal to be displayed is assigned, 
and information identifying a display position of the win 
dow, an image Synthesizer which Synthesizes the captured 
image data from the terminals into Single Screen multi 
window format data in accordance with the window area 
information generated by the window area information 
generator, thereby generating Synthesized image data, and 
an image processor which processes the Synthesized image 
data generated by the image Synthesizer, thereby generating 
display image data and outputting the display image data to 
the display. 

30. A network interactive display device according to 
claim 29, wherein the image Synthesizer Synthesizes the 
captured image data by contracting or expanding the cap 
tured image data from each terminal with an aspect ratio of 
the image size of the captured image data maintained. 


