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(57) ABSTRACT 

Within a building, Wireless communications can be carried 
out by using signals at millimeter Wavelengths. The building 
is, for instance, arranged by employing: a ?rst antenna 
mounted on the side of one surface of a door or a Wall, for 
sensing a signal having a millimeter Wavelength; a second 
antenna mounted on the side of the other surface of the door 
or the Wall, for radiating a signal having a millimeter 
Wavelength; a ?rst receiver for receiving the millimeter 
Wave signal sensed by the ?rst antenna, and for converting 
the received millimeter-Wave signal into an electric signal; 
and a ?rst transmitter for converting the electric signal 
Which is received and converted by the ?rst receiver into the 
millimeter-Wave signal and for transmitting the converted 
millimeter-Wave signal via the second antenna. 



Patent Application Publication Jun. 27, 2002 Sheet 1 0f 8 US 2002/0080087 A1 

22 

WH' WWI WM WW [I] Wm WM“ Him t 16y 

u . _ 

/ '7 lllun £31m" 

/ 
/ . 

/ . 

I 1 

/ . 

’ '. 

f n 

31 3-. 

2 _ \ _> a 

} 

U k 
\ 
\ 
\ 
\ 

1 U 

/ 
a 

FIG. 1 



Patent Application Publication Jun. 27, 2002 Sheet 2 0f 8 US 2002/0080087 A1 



Patent Application Publication Jun. 27, 2002 Sheet 3 0f 8 US 2002/0080087 A1 

FIG. 3 

WI 

‘ 1/ 55 

Hull“ é?“ 





Patent Application Publication Jun. 27, 2002 Sheet 5 0f 8 US 2002/0080087 A1 

92 

FIG. 5 



Patent Application Publication Jun. 27, 2002 Sheet 6 0f 8 US 2002/0080087 A1 

\\\\ \ 

mm 

mm 

o .GE 





Patent Application Publication Jun. 27, 2002 Sheet 8 0f 8 US 2002/0080087 A1 

FIG. 8 
21 

ANTENNA \/\ 1 53 
152 151 

TRANSMITTER/ 
RECEIVER r CQMPUTER 

( 
161 / 

FIG. 9 
22 

ANTENNA \-/\173 

172 5171 
HOME 

TRANSMITTER/ 1 ELECTRIC 
RECEIVER APPLIANCE 



US 2002/0080087 A1 

MILLIMETER-WAVE SIGNAL TRANSMISSION 
SYSTEM COMMUNICABLE WITHIN BUILDINGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority of Japanese Appli 
cation No. 2000-364328, ?led Dec. 22, 2000, the complete 
disclosure of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a building, a door, 
a doorknob, a handrail, and a signal transmission method, 
capable of transmitting a millimeter-Wave signal from a 
transmission station to a reception station Within a building. 

[0004] b) Description of the Related Art 

[0005] Since personal computers and multi-function type 
telephones have become popular, there are strong demands 
for a plurality of electronic appliances having communica 
tion functions are desired to be set Within homes. Further, a 
so-called “home-use automation system” has been proposed. 
For instance, a user may issue an instruction to operate an air 
conditioner installed in his/her home via a telephone line 
While this user is outside his/her home. Also, a user may 
control an image recording apparatus from the outside of 
his/her home so as to record a desirable television program 
by this image recording apparatus. 

[0006] In such a home-use automation system, it may be 
so supposed that users issue instructions via a telephone line 
or the like to the respective home electric appliances. In this 
case, telephone lines and the like need to be connected to the 
home electric appliances. 

a) Field of the Invention 

[0007] Under such circumstances, the folloWing technical 
solution may be conceived; While a user does not directly 
send the instructions to the respective home electric appli 
ances, Wireless communication may be carried out among 
the respective home electric appliances in such a manner 
that an instruction issued by the user is received by a 
predetermined terminal apparatus, and then, this instruction 
is transferred from this terminal apparatus to one or more 
other home electric appliances. 

[0008] In this case, When these home electric appliances 
are connected to each other through signal cables, the signal 
cables are installed Within a house, Which may deteriorate 
interior appearances. Therefore, the communication system 
may be preferably used by utiliZing the eXisting home-use 
electric poWer lines, or by utiliZing Wireless communication 
systems. 

[0009] In a communication system using the existing 
home-use electric poWer lines, for instance, a mother tele 
phone set and daughter telephone sets are communicable 
With each other via the eXisting home-use electric poWer 
lines. 

[0010] On the other hand, as to Wireless data communi 
cation available among home electric appliances, various 
standards such as Bluetooth have been proposed. In the 
Bluetooth standard, Wireless communication in frequency of 
2.45 GHZ is used, and data communication is realiZed in the 
transfer speed of approximately 1 Mbps (bit per second) by 
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Wireless among home electric appliances such as personal 
computers and personal digital assistances (PDAs). 

[0011] Another sort of Wireless data communication is 
knoWn in this technical ?eld, e.g., a Wireless LAN (Local 
Area NetWork) system such as the one de?ned in IEEE 
802.11 Which provides data communication speed of 11 
Mbps in the frequency range of 2.4 GHZ. 

[0012] In the case Where the above-explained Wireless 
communication systems are utiliZed, generally speaking, a 
Wireless data reaching distance is shortened under an indoor 
environment due to a feW or more obstacles such as Walls in 
some arrangements, compared With that under an outdoor 
environment. 

[0013] In the case Where the Wireless data communication 
is carried out in the above-explained frequency range, the 
electromagnetic Waves can pass through only small number 
of obstacles, so that data communication may be established. 
HoWever, in a future case Where Wireless communication in 
the frequency range of millimeter Wavelengths may be 
realiZed so as to further increase the transfer speed of the 
Wireless communication, signals at such millimeter Wave 
lengths can hardly pass through obstacles, due to the straight 
propagation characteristic and the re?ection characteristic of 
these millimeter-Wave signals. As a consequence, the fol 
loWing dif?culties may occur; the Wireless communication 
can hardly be established over doors and Walls at the 
ordinary intensity level of electromagnetic Waves of milli 
meter Wavelengths. 

[0014] Further, When such Wireless communication Will 
be realiZed betWeen ?oors by Wireless signals at millimeter 
Wavelengths, a ceiling and the like may act as an obstacle. 
As a result, it is practically difficult that the Wireless com 
munication betWeen ?oors may be carried out by the Wire 
less signals at millimeter Wavelengths. 

OBJECT AND SUMMARY OF THE INVENTION 

[0015] Accordingly, the present invention has an object to 
provide a building, a door, a doorknob, a handrail, and a 
transmission method, capable of executing Wireless com 
munication With millimeter-Wave signals under an indoor 
environment. 

[0016] To achieve the above-explained object, a building 
according to an aspect of the present invention, is charac 
teriZed by comprising: a ?rst antenna mounted on the side of 
one surface of a door or a Wall, for sensing a signal at a 
millimeter Wavelength; a second antenna mounted on the 
side of the other surface of the door or the Wall, for radiating 
a signal at a millimeter Wavelength; a ?rst receiver for 
receiving the millimeter-Wave signal sensed via the ?rst 
antenna, and for converting the sensed millimeter-Wave 
signal into an electric signal; and a ?rst transmitter for 
converting the electric signal Which is received and con 
verted by the ?rst receiver into the millimeter-Wave signal 
and for transmitting the converted millimeter-Wave signal 
via the second antenna. 

[0017] As a result, even When obstacles such as a door and 
a Wall are present on a signal transmission path, Wireless 
communication can be carried out by using signals at 
millimeter Wavelengths Within a building. 

[0018] Furthermore, a building according to another 
aspect of the present invention, in the above-mentioned 
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aspect of the present invention, is characterized by further 
comprising: a ?rst transfer unit including a third antenna for 
sensing a signal at a millimeter Wavelength, and a second 
receiver for receiving the millimeter-Wave signal sensed by 
the third antenna to convert the received millimeter-Wave 
signal into an electric signal and for transmitting the con 
verted electric signal via a home-use electric poWer line, the 
?rst transfer unit being installed around a Wall outlet of a 
home-use poWer supply on a predetermined ?oor of a home; 
and a second transfer unit including a fourth antenna for 
radiating a signal at a millimeter Wavelength, and a second 
transmitter for receiving the electric signal Which is trans 
mitted via the home-use electric poWer line to convert the 
received electric signal into the millimeter-Wave signal and 
for transmitting the converted millimeter-Wave signal via the 
fourth antenna, the second transfer unit being installed 
around a Wall outlet of the home-use poWer supply on a ?oor 
different from the predetermined ?oor. 

[0019] As a result, even in a case Where the transmission 
path extends over ?oors, Wireless communication can be 
carried out by employing the signals having millimeter 
Wavelengths Within the building, While the existing home 
use electric poWer line is utiliZed. Accordingly, high-speed 
and loW-cost information communication can be realiZed 
With large capacity by Wireless. 

[0020] Further, in a building according to another aspect 
of the present invention, besides the above-mentioned aspect 
of the present invention, both the ?rst receiver and the ?rst 
transmitter operate only When the door is closed. 

[0021] As a result, electric poWer consumed by both the 
?rst receiver and the ?rst transmitter can be suppressed. It 
should be noted that When the door is opened, since milli 
meter-Wave signals may directly pass through a doorWay, 
even if operations of both the ?rst receiver and the ?rst 
transmitter are stopped, there is no problem in the transmis 
sion of millimeter-Wave signals. 

[0022] Moreover, a building according to a further aspect 
of the present invention, is characteriZed by comprising: a 
?rst antenna provided on one end portion of a handrail Which 
is mounted along stairs or a corridor, for sensing a signal at 
a millimeter Wavelength; a second antenna provided on the 
other end portion of the handrail, for radiating a signal at a 
millimeter Wavelength; a receiver for receiving the millime 
ter-Wave signal Which is sensed by the ?rst antenna and for 
converting the received millimeter-Wave signal into an elec 
tric signal; and a transmitter for converting the electric 
signal Which is converted by the receiver into a millimeter 
Wave signal, and for transmitting the converted millimeter 
Wave signal via the second antenna. 

[0023] As a consequence, even in such cases Where 
obstacle such as the stairs is present on the transmission path 
and that millimeter-Wave signals can be hardly transmitted 
through a narroW corridor, Wireless communication can be 
carried out by using millimeter-Wave signals inside the 
building. Further, since handrails are often required for 
going up and doWn the stairs, the users do not have a sense 
of incongruity When such handrails equipped With the trans 
mitter/receiver are installed. In addition, since one or more 
handrails are often utiliZed unless information communica 
tion is needed, there is almost no increase in the cost of 
equipment When information communication are carried out 
using the present handrail. 
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[0024] Further, a door according to an aspect of the present 
invention is characteriZed by comprising: a ?rst antenna 
mounted on any one of one knob portion of a doorknob, a 
?xing portion for ?xing the doorknob on one surface of the 
door, and one surface of the door, for sensing a signal at a 
millimeter Wavelength; a second antenna mounted on any 
one of the other knob portion of the doorknob, another ?xing 
portion for ?xing the doorknob on the other surface of the 
door, and the other surface of the door, for radiating a signal 
at a millimeter Wavelength; a receiver for receiving the 
millimeter-Wave signal Which is sensed by the ?rst antenna 
and for converting the received millimeter-Wave signal into 
an electric signal; and a transmitter for converting the 
electric signal Which is converted by the receiver into the 
millimeter-Wave signal and for transmitting the converted 
millimeter-Wave signal via the second antenna. 

[0025] As a consequence, even in a case Where the door as 
an obstacle is present on the transmission path, Wireless 
communication can be carried out by using millimeter-Wave 
signals inside the building. Further, since a door can be 
individually replaced With the door already ?xed as a ?xture, 
the door according to the present invention can be applied 
even to such a building Which has already been constructed. 
Thus, Wireless communication With millimeter-Wave signals 
may be realiZed in general houses by replacing the existing 
door With the door of the present invention. 

[0026] Furthermore, a door according to another aspect of 
the present invention, in the above-mentioned aspect of the 
present invention, is characteriZed in that both the receiver 
and the transmitter operate only When the door is closed. 

[0027] As a result, electric poWer consumed by both the 
receiver and the transmitter can be suppressed. It should be 
noted that When the door is opened, since millimeter-Wave 
signals may directly pass through a doorWay, even if opera 
tions of both the receiver and the transmitter are stopped, 
there is no problem in the transmission of millimeter-Wave 
signals. 
[0028] A doorknob according to an aspect of the present 
invention is characteriZed by comprising: a ?rst antenna 
mounted on one knob portion, for sensing a signal at a 
millimeter Wavelength; a second antenna mounted on the 
other knob portion, for radiating a signal at a millimeter 
Wavelength; a receiver for receiving the millimeter-Wave 
signal Which is sensed by the ?rst antenna and for converting 
the received millimeter-Wave signal into an electric signal; 
and a transmitter for converting the electric signal Which is 
converted by the receiver into the millimeter-Wave signal 
and for transmitting the converted millimeter-Wave signal 
via the second antenna. 

[0029] As a consequence, even in a case Where the door as 
an obstacle is present on the transmission path, Wireless 
communication can be carried out by using millimeter-Wave 
signals inside the building. Further, since a doorknob can be 
individually replaced by another doorknob as a ?xture, the 
doorknob according to the present invention can be applied 
even to such a building Which has already been constructed. 
Thus, Wireless communication With millimeter-Wave signals 
may be realiZed in general houses by replacing the existing 
doorknob With the doorknob of the present invention at little 
expense. 

[0030] Moreover, a doorknob according to another aspect 
of the present invention is characteriZed in that both the 
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receiver and the transmitter operate only When the door 
having the doorknob is closed. 

[0031] As a result, electric poWer consumed by both the 
receiver and the transmitter can be suppressed. It should be 
noted that When the door is opened, since millimeter-Wave 
signals may directly pass through a doorWay, even if opera 
tions of both the receiver and the transmitter are stopped, 
there is no problem in the transmission of millimeter-Wave 
signals. 
[0032] In addition, a handrail according to an aspect of the 
present invention is characteriZed by comprising: a ?rst 
antenna mounted on one end portion of the handrail, for 
sensing a signal at a millimeter Wavelength; a second 
antenna mounted on the other end portion of the handrail, for 
radiating a signal at a millimeter Wavelength; a receiver for 
receiving the millimeter-Wave signal Which is sensed by the 
?rst antenna and for converting the received millimeter 
Wave signal into an electric signal; and a transmitter for 
converting the electric signal Which is converted by the 
receiver into the millimeter-Wave signal and for transmitting 
the converted millimeter-Wave signal via the second 
antenna. 

[0033] As a result, even in cases Where transmissions of 
the millimeter-Wave signals directly to another ?oor are 
hardly achieved due to a ceiling as a shield, and that 
millimeter-Wave signals can be hardly propagated through a 
narroW corridor, this handrail of the present invention is 
installed, so that Wireless communication can be carried out 
by using millimeter-Wave signals through such stairs and/or 
corridor Within the building. Further, since handrail is often 
utiliZed unless information communication is needed, there 
is almost no increase in the cost of equipment When infor 
mation communication is performed With the above-men 
tioned handrail. 

[0034] Further, a transmission method according to an 
aspect of the present invention, is characteriZed by compris 
ing the steps of: sensing a signal at a millimeter Wavelength 
by a ?rst antenna on the side of one surface of a door or a 

Wall, Which is present on a transmission path de?ned from 
a transmission station to a reception station; receiving the 
sensed millimeter-Wave signal; converting the received mil 
limeter-Wave signal into an electric signal; and transmitting 
the electric signal via a second antenna as the millimeter 
Wave signal on the side of the other surface of the door or 
the Wall. 

[0035] As a result, even When obstacles such as the door 
and the Wall are located in the transmission path, Wireless 
communication can be carried out by employing millimeter 
Wave signals inside the building. 

[0036] Furthermore, a transmission method according to 
another aspect of the present invention is characteriZed by 
comprising the steps of: sensing a signal at a millimeter 
Wavelength by a ?rst antenna on the side of one end portion 
of a handrail mounted along stairs or a corridor Which is 
present on a transmission path de?ned from a transmission 
station to a reception station; receiving the sensed millime 
ter-Wave signal; converting the received millimeter-Wave 
signal into an electric signal; and transmitting the electric 
signal via a second antenna as the millimeter-Wave signal on 
the side of the other end portion of the handrail. 

[0037] As a result, even in cases Where transmissions of 
millimeter-Wave signals directly to another ?oor are hardly 
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achieved due to a ceiling as a shield, and that millimeter 
Wave signals can be hardly propagated through a narroW 
corridor, this handrail of the present invention is installed, so 
that Wireless communication can be carried out by using 
millimeter-Wave signals through stairs and/or the corridor 
Within the building. Further, since handrail is utiliZed unless 
information communication is needed, there is almost no 
increase in the cost of equipment When information com 
munication is performed With the above-mentioned handrail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] For a better understanding of the present invention, 
reference is made of a detailed description to be read in 
conjunction With the accompanying draWings, in Which: 

[0039] FIG. 1 is a sectional vieW indicating a ?rst-?oor 
portion of a building according to an embodiment of the 
present invention; 

[0040] FIG. 2 is a sectional vieW representing a second 
?oor portion of the building according to the embodiment of 
the present invention; 

[0041] FIG. 3 is a perspective vieW representing an outer 
appearance of a door according to an embodiment of the 
present invention; 

[0042] FIG. 4 is a sectional vieW shoWing a doorknob of 
the door indicated in FIG. 3; 

[0043] FIG. 5 is a perspective vieW shoWing an outer 
appearance of a handrail according to an embodiment of the 
present invention; 

[0044] 
FIG. 5; 

FIG. 6 is a sectional vieW shoWing the handrail in 

[0045] FIG. 7 is a schematic block diagram indicating an 
electric structure of the door shoWn in FIG. 3 and of the 
handrail shoWn in FIG. 5; 

[0046] FIG. 8 is a schematic block diagram representing 
an electric structure of a terminal apparatus shoWn in FIG. 
1; and 

[0047] FIG. 9 is a schematic block diagram indicating an 
electric structure of a terminal apparatus shoWn in FIG. 1 or 
FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0048] Referring noW to draWings, various embodiments 
of the present invention Will be described. 

[0049] Building Structure 

[0050] FIG. 1 is a sectional vieW indicating a ?rst-?oor 
portion of a building according to an embodiment of the 
present invention. FIG. 2 is a sectional vieW representing a 
second-?oor portion of the building according to the 
embodiment of the present invention. In FIG. 1 or FIG. 2, 
a building 1 is such a building as an of?ce and a house, in 
Which Wireless communication can be carried out by Way of 
signals at millimeter Wavelengths (namely, frequency range 
of 30 to 500 GHZ corresponding to Wavelengths of 10 
millimeters to 0.6 millimeters). A WindoW 11 is provided at 
either the ?rst ?oor or the second ?oor of this building 1. 
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Stairs 12 correspond to stairs provided between the ?rst ?oor 
and the second ?oor of the building 1. Adoor 13 corresponds 
to a door of an entrance. 

[0051] A door 14 corresponds to a door according to this 
embodiment of the present invention, or a door having a 
doorknob according to another embodiment of the present 
invention, Which is pivotally installed Within the building 1. 
Another door 15 corresponds to a normal door Which is 
pivotally installed Within the building 1. A handrail 16 
corresponds to a handrail according to an embodiment of the 
present invention, Which is installed along the stairs. 

[0052] Moreover, a terminal apparatus 21 contains a com 
puter, and is indirectly communicated With another terminal 
apparatus 22 via the door 14, the handrail 16, and a trans 
mitter/receiver 31. The computer is equipped With a com 
munication means such as a modem capable of communi 
cating With an external electronic apparatus. 

[0053] Furthermore, the terminal apparatus 22 contains 
home electric appliances such as an image recording appa 
ratus or an air conditioner, and is indirectly communicated 
With the terminal apparatus 21 via the door 14, the handrail 
16, and/or the transmitter/receiver 31. In other Words, both 
the terminal apparatus 21 and the terminal apparatus 22 may 
function as a transmission station and a reception station, 
respectively. 

[0054] In addition, the transmitter/receiver 31 is equipped 
through a Wall in order to receive millimeter-Wave signal on 
a surface of the Wall and transmit the signal from the other 
surface of the Wall. 

[0055] Door Structure 

[0056] FIG. 3 is a perspective vieW indicating an outer 
appearance of the door 14 according to the embodiment of 
the present invention. FIG. 4 is a sectional vieW represent 
ing a doorknob of the door 14 shoWn in FIG. 3. In FIG. 3, 
a main body 51 of the door 14 is manufactured by employ 
ing, for example, timber, a metal, or the like. Aknob portion 
52 is coupled to another knob portion 61 (see FIG. 4) 
located opposite to the knob portion 52 by using a shaft 57 
(see FIG. 4). When one of these knob portions 52 and 61 is 
pivotally moved, the other knob portion may be pivotally 
moved in conjunction With the above-mentioned knob por 
tion. A ?xed portion 53 corresponds to such a member used 
to ?x the doorknob on the main body 51 of the door 14. An 
engaged portion 54 oWns such a mechanism that a convex 
portion 55 is engaged With a concave portion (not shoWn) 
Which is provided at a portion Where, When the door 14 is 
closed, the engaged portion 54 is made in contact With this 
portion. PoWer supply terminals 56 may receive electric 
poWer from contact terminals (not shoWn). The contact 
terminals are provided on an opposite portion of the poWer 
supply terminal 56 in a ?xture Which is made in contact With 
the door When the door is closed. 

[0057] In FIG. 4, the knob portion 52 has an antenna 71 
used for a millimeter-Wave signal on a surface thereof, and 
also has a transmission/reception module 73 and a cable 74 
inside. An electric insulating portion 72 is arranged at a 
circumferential portion of the antenna 71. In addition, the 
knob portion 52 has the transmission/reception module 73 
connected to this millimeter-Wave antenna 71, and the cable 
74. Similar to the knob portion 52, another knob portion 61 
has an antenna 81 used for a millimeter-Wave signal on a 
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surface thereof, and also has a transmission/reception mod 
ule 83 and a cable 84 inside. An electric insulating portion 
82 is arranged at a circumferential portion of the antenna 81. 
In addition, the knob portion 61 has the transmission/ 
reception module 83 connected to this millimeter-Wave 
antenna 81, and the cable 84. It should be noted that both the 
antenna 71 and the antenna 81 may function as a ?rst 
antenna sensing millimeter-Wave signals and a second 
antenna radiating millimeter-Wave signals. 

[0058] Further, the shaft 57 is ?xed in such a manner that 
a male screW is formed on a tip portion thereof and screWed 
With the knob portion 61. Moreover, the cable 74 is arranged 
in a holloW portion of the shaft 57. It should be understood 
that the cable 74 is previously coupled to the cable 84 by 
employing a connector 75 before the shaft 57 is screWed 
With the knob portion 61. 

[0059] Furthermore, a hole 58 corresponds to such a hole 
Which is formed so as to embed the engage portion 54 into 
the main body 51 of the door 14. 

[0060] In addition, the antenna 71 is installed on the knob 
portion 52. This antenna 71 may electromagnetically sense 
a millimeter-Wave signal and also may radiate a millimeter 
Wave signal on the side of one surface of the door 14. The 
insulating portion 72 may electrically insulate the antenna 
71 from the main body of the doorknob. 

[0061] As Will be discussed later, furthermore, the trans 
mission/reception module 73 receives millimeter-Wave sig 
nal Which has been sensed by the antenna 71, and then, 
converts this received millimeter-Wave signal into an elec 
tric signal. After amplifying this converted electric signal, 
this transmission/reception module 73 supplies the ampli?ed 
electric signal via the cables 74 and 84 to the transmission/ 
reception module 83, and also transmits another electric 
signal supplied via the cables 74 and 84 from the transmis 
sion/reception module 83 as a millimeter-Wave signal 
through the antenna 71. 

[0062] Further, both the cable 74 and the cable 84 are used 
to transfer electric signals betWeen the transmission/recep 
tion module 73 and the transmission/reception module 83. 
The connector 75 is employed so as to connect the cable 74 
to the cable 84. 

[0063] In addition, the antenna 81 is installed on the knob 
portion 61. This antenna 81 may electromagnetically sense 
a millimeter-Wave signal and also may radiate a millimeter 
Wave signal on the side of the other surface of the door 14. 
The insulating portion 82 may electrically insulate the 
antenna 81 from the main body of the doorknob. 

[0064] As Will be discussed later, furthermore, the trans 
mission/reception module 83 receives millimeter-Wave sig 
nal Which has been sensed by the antenna 81, and then, 
converts this received millimeter-Wave signal into an elec 
tric signal. After amplifying this converted electric signal, 
this transmission/reception module 83 supplies the ampli?ed 
electric signal via the cables 74 and 84 to the transmission/ 
reception module 73, and also transmits another electric 
signal supplied via the cables 74 and 84 from the transmis 
sion/reception module 73 as a millimeter-Wave signal 
through the antenna 81. 
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[0065] Handrail Structure 

[0066] FIG. 5 is a perspective vieW showing an outer 
appearance of the handrail 16 according to the embodiment 
of the present invention. FIG. 6 is a sectional vieW indicat 
ing the handrail 16 shoWn in FIG. 5. In FIG. 5 or FIG. 6, 
a cap 91 is such a cap containing therein an antenna 101 used 
for signals at millimeter Wavelengths, and a transmission/ 
reception module 102. This cap 91 is made of a plastic 
material, and is screWed to one end of the handrail 16. 

[0067] Further, another cap 92 is such a cap containing 
therein an antenna 111 used for signals at millimeter Wave 
lengths, and a transmission/reception module 112. This cap 
92 is made of a plastic material, and is screWed to the other 
end of the handrail 16. It should also be noted that both the 
antenna 101 and the antenna 111 may function as a ?rst 
antenna capable of receiving a millimeter-Wave signal, and 
also a second antenna capable of radiating a millimeter 
Wave signal. 

[0068] It should also be understood that When both the 
antennas 101 and 111 are installed inside the caps 91 and 92, 
as the materials of these caps 91 and 92, various materials 
through Which millimeter-Wave signals can easily pass may 
be selected other than the above-explained plastic material. 

[0069] Further, a tube 93 corresponds to such a tube Which 
constitutes a main body portion of the handrail 16. Afoot 94 
is used to ?X the handrail 16 on a Wall along stairs. 

[0070] Moreover, the antenna 101 is provided in the cap 
91, and senses a millimeter-Wave signal and further trans 
mits a millimeter-Wave signal at one end portion of the 
handrail 16. As Will be discussed later, furthermore, the 
transmission/reception module 102 receives millimeter 
Wave signal sensed by the antenna 101, and then, converts 
this received millimeter-Wave signal into an electric signal. 
After amplifying this converted electric signal, the trans 
mission/reception module 102 supplies the ampli?ed elec 
tric signal via a cable 104 to the transmission/reception 
module 112, and also transmits another electric signal sup 
plied via the cable 104 from the transmission/reception 
module 112 as a millimeter-Wave signal through the antenna 
101. 

[0071] Furthermore, a connector 103 is formed detachably 
to the transmission/reception module 102, and connects the 
cable 104 to the transmission/reception module 102. The 
cable 104 is arranged inside the tube 93 so as to electrically 
connect the transmission/reception module 102 to the trans 
mission/reception module 112. 

[0072] The antenna 111 is equipped in the cap 92, and 
senses a millimeter-Wave signal and further radiates a mil 
limeter-Wave signal at the other end portion of the handrail 
16. As Will be discussed later, furthermore, the transmission/ 
reception module 112 receives millimeter-Wave signal 
sensed by the antenna 111, and then, converts this received 
millimeter-Wave signal into an electric signal. After ampli 
fying this converted electric signal, the transmission/recep 
tion module 112 supplies the ampli?ed electric signal via the 
cable 104 to the transmission/reception module 102, and 
also transmits another electric signal supplied via the cable 
104 from the transmission/reception module 102 as a mil 
limeter-Wave signal through the antenna 111. 

[0073] Furthermore, a connector 113 is formed detachably 
to the transmission/reception module 112, and connects the 
cable 104 to the transmission/reception module 112. 
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[0074] Electronic Structure of Door/Handrail 

[0075] FIG. 7 is a schematic block diagram indicating 
electric structure employed in the door 14 shoWn in FIG. 3, 
and in the handrail 16 shoWn in FIG. 5. In FIG. 7, a 
transmitter/receiver 121 constitutes the above-explained 
transmission/reception modules 73 and 102, and receives 
millimeter-Wave signals sensed by the antennas 71 and 101 
to convert these signals into the corresponding electric 
signals, and also transmits the electric signals supplied from 
the transmission/reception modules 83 and 112 Which are 
located opposite to the above-described transmission/recep 
tion modules 73 and 102 via the antennas 71 and 101 as 
millimeter-Wave signals. In other Words, this transmitter/ 
receiver 121 may function as both the receiver (?rst 
receiver) for receiving millimeter-Wave signals and the 
transmitter (?rst transmitter) for transmitting millimeter 
Wave signals. 

[0076] Further, in the transmission/reception modules 73 
and 102, an ampli?er 122 ampli?es the electric signals 
Which are converted by the transmitter/receiver 121, and 
outputs the ampli?ed electric signals to the transmission/ 
reception modules 83 and 112 Which are located opposite to 
the transmission/reception modules 73 and 102. 

[0077] On the other hand, a transmitter/receiver 131 con 
stitutes the above-explained transmission/reception modules 
83 and 112, and receives millimeter-Wave signals sensed by 
the antennas 81 and 111 to convert these signals into the 
corresponding electric signals, and also transmits the electric 
signals supplied from the transmission/reception modules 73 
and 102 Which are located opposite to the above-described 
transmission/reception modules 83 and 112 via the antennas 
81 and 111 as millimeter-Wave signals. In other Words, this 
transmitter/receiver 131 may function as both the receiver 
(?rst receiver) for receiving millimeter-Wave signals and the 
transmitter (?rst transmitter) for transmitting millimeter 
Wave signals. 

[0078] In addition, in the transmission/reception modules 
83 and 112, an ampli?er 132 ampli?es the electric signals 
Which are converted by the transmitter/receiver 131, and 
outputs the ampli?ed electric signals to the transmission/ 
reception modules 73 and 102 Which are located opposite to 
these transmission/reception modules 83 and 112. 

[0079] It should be noted that a transmission means 141 is 
constituted of either the cables 74/84 and the connector 75 
or the cable 104 and the connectors 103/113. 

[0080] It should also be noted that the transmitter/receiver 
31 shoWn in FIG. 1 is arranged as folloWs; antennas and 
transmission/reception modules, Which are similar to the 
antennas 71/101 and the transmission/reception modules 
73/102 indicated in FIG. 4 and FIG. 6, are provided on one 
surface of a Wall, Whereas antennas and transmission/recep 
tion modules, Which are similar to the antennas 81/111 and 
the transmission/reception modules 83/112 shoWn in FIG. 4 
and FIG. 6, are provided on the other surface of this Wall. 
Further, a hole is penetrated through the Wall, and then, 
cables similar to the cables 74/104 are arranged through this 
hole. An electric structure of this transmitter/receiver 31 is 
made similar to that employed in the above-explained door 
knob or handrail 16. 

[0081] Instead of that, in the case that millimeter-Wave 
signals can be hardly transmitted due to existence of other 
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obstacles, or in the case that the doorknob capable of 
transmitting millimeter-Wave signals can be hardly provided 
and/or the handrail 16 can be hardly provided on the stairs, 
signals transmitted by the millimeter Waves may be trans 
ferred in a portion of the transmission path by utilizing a 
home-use electric poWer line. 

[0082] In this case, in addition to the tWo antennas 
(namely, ?rst antenna and second antenna) and the ?rst 
receiver, Which are installed in the door and the like, a 
transfer unit (?rst transfer unit) is installed around an outlet 
of a home-use poWer supply furnished in a predetermined 
?oor. This ?rst transfer unit contains an antenna (third 
antenna) and a receiver (second receiver); the antenna is 
capable of sensing a millimeter-Wave signal, and the 
receiver receives the millimeter-Wave signal sensed via this 
third antenna, converts the received millimeter-Wave signal 
into an electric signal, and then transmits this converted 
electric signal via the home-use electric poWer line. Further, 
in addition to the ?rst antenna, the second antenna and the 
?rst transmitter, Which are provided in the door and the like, 
another transfer unit (second transfer unit) is installed 
around an outlet of a home-use poWer supply furnished in 
another ?oor Which is different from the above-described 
predetermined ?oor. This second transfer unit contains an 
antenna (fourth antenna) and a transmitter (second transmit 
ter); the antenna is capable of transmitting a millimeter 
Wave signal, and the transmitter receives the electric signal 
via the home-use electric poWer line, converts the received 
electric signal into a millimeter-Wave signal, and then trans 
mits this converted millimeter-Wave signal via the antenna. 

[0083] Then, a millimeter-Wave signal Which is transmit 
ted from the ?rst transmitter installed in the door or on the 
Wall of a predetermined ?oor is received by the ?rst transfer 
unit Which is provided adjacent to an electric outlet. This 
?rst transfer unit converts the received signal into a prede 
termined high frequency signal, and then applies this high 
frequency signal to the existing home-use electric poWer 
line. Next, the second transfer unit Which is provided 
adjacent to another electric outlet extracts the high fre 
quency signal applied to the home-use electric poWer line by 
separating it from the signal at the poWer supply frequency. 
Then, the second transfer unit transmits the original milli 
meter-Wave signal by Wireless based upon this high fre 
quency signal. 

[0084] Further, in the case Where a signal line for infor 
mation communication runs along With the existing home 
use electric poWer line, the above-explained high frequency 
signal may be transferred via this signal line by utiliZing the 
poWer supply plug, for example, as described in Japanese 
Design Registration No. 1081583 or No. 1082910, Which 
has been previously proposed by applicant of the present 
invention. In other Words, the poWer supply plug of the 
terminal apparatuses 21 and 22 may have a 3-pole female 
terminal or a 3-pole male terminal used to communicate 
information via the signal line, and When the plug is inserted 
to the outlet of the poWer supply, the 3-pole terminal of the 
plug is automatically connected to the signal line. 

[0085] Furthermore, in the above-described door 14 and 
handrail 16, electric poWer is supplied to the internal circuits 
by a poWer supply unit (not shoWn). In this case, as the 
poWer supply unit, one or plural sets of cells, rechargeable 
batteries, solar batteries, and the like may be employed. 
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Alternatively, a constant-voltage poWer supply is employed 
so as to supply electric poWer therefrom to the internal 
circuits. This constant-voltage poWer supply may produce 
electric poWer of a predetermined DC voltage from a home 
use poWer supply. In this case, the constant-voltage poWer 
supply may be built in the main body of the door, or the main 
body of the handrail. Alternatively, While the constant 
voltage poWer supply is installed in an electric outlet, the DC 
poWer may be supplied via a cable to the internal circuits. 

[0086] In addition, While a contact terminal (not shoWn) is 
provided at a portion Which is made in contact With the door 
14 When the door 14 is closed, the electric poWer may be 
supplied via this contact terminal and the poWer supply 
terminal 56 to the electronic circuit in the doorknob only 
When this door 14 is closed. Alternatively, While such a 
mechanical contact betWeen the contact terminal and the 
poWer supply terminal 56 is not utiliZed, the electric poWer 
may be supplied in a non-contact manner by utiliZing a kind 
of an coupling phenomenon such as an electromagnetic 
induction phenomenon. As a result, only When the door 14 
is closed, the millimeter-Wave signals may be relayed. It 
should also be noted that even When the door 14 is opened, 
such millimeter-Wave signals may be relayed by providing 
a battery adjacent to the poWer supply terminal 56. 

[0087] Arrangements of Terminal Apparatuses 

[0088] FIG. 8 is a schematic block diagram indicating a 
structure of the terminal apparatus 21 shoWn in FIG. 1. In 
FIG. 8, a computer 151 corresponds to such a personal 
computer containing a communication means 161 such as a 
modem. A transmitter/receiver 152 performs communica 
tion With another terminal apparatus 22 in an indirect 
manner via an antenna 153 by using a millimeter-Wave 
signal. 
[0089] FIG. 9 is a schematic block diagram representing 
a structure of the terminal apparatus 22 shoWn in either FIG. 
1 or FIG. 2. In FIG. 9, home electric appliance 171 
corresponds to such electric equipment as an image record 
ing apparatus or an air conditioner. Another transmitter/ 
receiver 172 executes communication With either the termi 
nal apparatus 21 or another terminal apparatus 22 having the 
same structure as the terminal apparatus 21 in an indirect 
manner via an antenna 173 by using a millimeter-Wave 
signal. 
[0090] Operations of Various Units 

[0091] Next, operations of the above-described equip 
ments according to the embodiment of the present invention 
Will be explained. 

[0092] As an example, the folloWing transmission opera 
tion of various sorts of information is described. That is, the 
terminal apparatus 21 arranged on the ?rst ?oor transmits 
various sorts of information to the terminal apparatus 22 
arranged on the second ?oor. 

[0093] In this case, the computer 151 of the terminal 
apparatus 21 supplies information to be transmitted to the 
transmitter/receiver 152. This transmitter/receiver 152 trans 
mits this information via the antenna 153 as a millimeter 
Wave signal. 

[0094] Then, this millimeter-Wave signal is sensed by one 
of the antennas, namely the antenna 71 Which is provided in 
the doorknob of the door 14 of the room Where the terminal 
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apparatus 21 is installed. This millimeter-Wave signal is 
received via this antenna 71 by the transmitter/receiver 121 
of the transmission/reception module 73 and is thereafter 
converted into an electric signal. The converted electric 
signal is ampli?ed by the ampli?er 122, and thereafter, the 
ampli?ed electric signal is supplied via the transfer means 
141 such as the cable 74 to the transmitter/receiver 131 of 
the transmission/reception module 83 Which is arranged 
opposite to the transmission/reception module 73. 

[0095] Then, the transmission/reception module 83 radi 
ates a millimeter-Wave signal by Wireless corresponding to 
this supplied electric signal via the other antenna 81. 

[0096] As a result, even When the door 14 is closed, the 
millimeter-Wave signal may be relayed and reach to the 
place in the vicinity of the entrance or the loWermost step of 
the stairs 12. 

[0097] Next, the millimeter-Wave signal Which has 
reached to the place in the vicinity of the loWermost step of 
the stairs 12 is sensed by the antenna 101 Which is set to one 
end portion of the handrail 16. This millimeter-Wave signal 
is received via this antenna 101 by the transmitter/receiver 
121 of the transmission/reception module 102 and is there 
after converted into an electric signal. The converted electric 
signal is ampli?ed by the ampli?er 122, and thereafter, the 
ampli?ed electric signal is supplied via the transfer means 
141 such as the cable 104 to the transmitter/receiver 131 of 
the transmission/reception module 112 Which is arranged 
opposite to the transmission/reception module 102. 

[0098] Then, the transmission/reception module 112 radi 
ates a millimeter-Wave signal by Wireless corresponding to 
this supplied electric signal via the other antenna 111. 

[0099] As a result, the millimeter-Wave signal may be 
relayed and reach to a landing located at a center of the stairs 
12 shoWn in FIG. 2. Furthermore, this millimeter-Wave 
signal may be similarly relayed by another handrail 16 to 
reach to the second ?oor. 

[0100] Then, the millimeter-Wave signal Which has 
reached to the second ?oor is sensed by the antenna 71 
provided in the door 14 of each of the rooms on the second 
?oor, and is radiated from the antenna 81 provided on the 
side of the room in a similar manner. 

[0101] In consequence, even When the door 14 is closed, 
the millimeter-Wave signal reaches to the rooms on the 
second ?oor. Then, in the terminal apparatus 22 provided on 
the second ?oor, the antenna 173 senses this millimeter 
Wave signal, the transmitter/receiver 172 receives this mil 
limeter-Wave signal to convert it into the electric signal, and 
then, this electric signal is supplied to the home electric 
appliance 171. 

[0102] In this Way, the various sorts of information in 
millimeter-Wave signals may be transferred from the termi 
nal apparatus 21 arranged on the ?rst ?oor to the terminal 
apparatus 22 arranged on the second ?oor. In this case, the 
door 14 on the ?rst ?oor, the stairs 12, and the door 14 on 
the second ?oor are present as obstacles on the signal 
transmission path. HoWever, in the door 14, the millimeter 
Wave signal is relayed by the doorknob and also this 
millimeter-Wave signal is relayed by the handrail 16 in the 
stairs 12. Therefore, the millimeter-Wave signal may reach 
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from the terminal apparatus 21 arranged on the ?rst ?oor to 
the terminal apparatus 22 arranged on the second ?oor. 

[0103] Similarly, the various sorts of information in mil 
limeter-Wave signals may be transferred from the terminal 
apparatus 22 arranged on the second ?oor to the terminal 
apparatus 21 arranged on the ?rst ?oor. Further, the various 
sorts of information may be transferred betWeen the terminal 
apparatuses 22 in a similar manner. Moreover, in the case 
that the building 1 is constructed of only 1 ?oor, the handrail 
16 is not necessarily required. HoWever, in such a case that 
millimeter-Wave signals can hardly reach via, for example, 
a corridor to another room, the handrail 16 may be installed 
so as to relay millimeter-Wave signals. 

[0104] Further, since the transmitter/receiver 31, Which is 
installed so as to pass through the Wall, relays millimeter 
Wave signals in a similar manner, millimeter-Wave signals 
emitted from the terminal apparatus 21 on the ?rst ?oor may 
reach to the terminal apparatus 22 on the ?rst ?oor. Alter 
natively, as shoWn in FIG. 1, even When the door 15 is 
replaced by such a door 14 capable of transmitting milli 
meter-Wave signals instead of installing the transmitter/ 
receiver 31, the millimeter-Wave signals may reach through 
tWo of doors 14 to the terminal apparatus 22 on the ?rst ?oor. 

[0105] As explained in detail, the door, the doorknob, the 
handrail, and the transmission method, according to the 
embodiment of the present invention are utiliZed, so that the 
communication can be carried out Within the building by 
using the signals at millimeter Wavelengths. 

[0106] Further, as a consequence, for instance, the user 
can control a plurality of home electric appliances 171 such 
as the image recording apparatus and the air conditioner by 
merely issuing the instruction via the telephone line to the 
computer 151 of the terminal apparatus 21 from the outside 
of the building 1. 

[0107] In addition, since the ?xtures such as the door, the 
doorknob, and the handrail may be neWly installed, or may 
be employed so as to replace the existing ?xtures of the 
building Which has already been constructed, the Wireless 
communication by Way of millimeter-Wave signals can be 
realiZed at loW cost even in such an indoor place. 

[0108] Other Wireless Communication 

[0109] As previously explained, since the Wireless com 
munication can be carried out betWeen the terminal appa 
ratus 21 and the terminal apparatus 22, While MAC (media 
access control) addresses are assigned to the respective 
terminal apparatuses 21 and 22, a high-speed Wireless LAN 
(local area netWork) may be constituted by using millimeter 
Wave signals. 

[0110] For example, even in the case that external com 
munication speeds are improved by Way of optical ?bers or 
the like in future, high-speed data communication may be 
carried out betWeen a device in any place of the building and 
a external device by using this Wireless LAN operable With 
millimeter-Wave signals. 

[0111] At this time, the terminal apparatus 21/22 function 
ing as a transmission source retrieve the MAC address of the 
terminal apparatus 21/22 functioning a transmission desti 
nation, and then transmit information to this MAC address. 
Then, When the respective terminal apparatus 21/22 con 
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?rms that the transmitted information is addressed to the 
oWn MAC address, the terminal apparatus 21/22 receives 
this information. 

[0112] Since the respective terminal apparatuses 22, 
namely the home electric appliances 171 are identi?ed from 
each other on the Wireless LAN based upon the MAC 
addresses in this manner, for instance, the computer 151 
employed in the terminal apparatus 21 may separately 
establish communication With the respective home electric 
appliances 171. 

[0113] It should be also understood that the shapes of both 
the door and the doorknob are not limited to the above 
described shapes, and may be realiZed by using other shapes. 
Although the mechanically-designed mechanism of the door 
is not speci?cally indicated in these drawings, this door 
mechanism may be made similar to the normal door mecha 
nism. Further, although the above-explained handrail 16 has 
a straight-line shape, this shape may be replaced by a curved 
shape. For instance, in the case that stairs turn, a single piece 
of such a handrail Whose intermediate portion is curved may 
be installed. Alternatively, While a plurality of handrails 16 
are utiliZed such as shoWn in FIG. 2, millimeter-Wave 
signals may be relayed by using this modi?ed handrail. 

[0114] Further, in the above-described embodiments, the 
antennas 71, 81 and other components are mounted on the 
knob portions 52 and 61 of the doorknob. Instead of that, the 
antennas 71 and 81 and other components may be provided 
on the ?Xed portions 53 and 62, or the antenna 71 may be 
provided on one surface of the main body 51 of the door 14, 
Whereas the antenna 81 may be mounted on the other surface 
of this main body 51 of the door 14. 

[0115] Furthermore, in the above-explained embodiments, 
in both the doorknob and the handrail, the transmission/ 
reception modules are provided at tWo places. Instead of 
that, While one transmission/reception module is provided, 
this transmission/reception module may receive the milli 
meter-Wave signal sensed by one of the tWo antennas, and 
properly amplify this received millimeter-Wave signal. 
Then, this ampli?ed millimeter-Wave signal may be radiated 
from the other antenna. 

[0116] Moreover, in the above-explained embodiments, 
the antennas 71 and 81 of the doorknob are mounted on the 
surfaces of the knob portions 52 and 61. Instead of that, the 
entire of these knob portions 52 and 61 may be employed as 
the antennas 71 and 81. Further, in the case that the one or 
more materials of the knob portions 52 and 61 correspond to 
one or more materials such as plastic in Which millimeter 
Wave signals can pass through, both the antenna 71 and the 
antenna 81 may be installed on the holloW portions of the 
knob portions 52 and 61. 

[0117] In addition, in the above-explained embodiments, 
the caps 91 and 92 of the handrail 16 are made of plastic, and 
both the antenna 101 and the antenna 111 are installed inside 
the caps 91 and 92. Instead of that, While both the caps 91 
and 92 may be made of a metal, such antennas 101 and 111, 
Which are electrically insulated, may be provided at either a 
partial portion or an entire portion of the caps, similar to the 
above-explained doorknob. 

[0118] It should also be noted that the room layout of the 
building 1 is not limited to that shoWn in FIG. 1 and FIG. 
2. Instead of that, since doors are provided in rooms in most 
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cases, in any sorts of room layouts (for eXample, building 
With 3 ?oors or more), signals at millimeter Wavelengths can 
be transmitted indoors by applying the present invention 
thereto. 

[0119] As previously described in detail, according to the 
present invention, it is possible to provide the building, the 
door, the doorknob, the handrail, and the transmission 
method, Which enable the Wireless communication Within 
the building by using millimeter-Wave signals. 

[0120] While the foregoing description and draWings rep 
resent the present invention, it Will be obvious to those 
skilled in the art that various changes may be made therein 
Without departing from the true spirit and scope of the 
present invention. 

[0121] FIG. 7 

[0122] 71,101 ANTENNA 

[0123] 73,102 TRANsMIssIoN/REcEPTIoN MOD 
ULE 

[0124] 121 TRANSMITTER/RECEIVER 

[0125] 122 AMPLIFIER 

[0126] 81,111 ANTENNA 

[0127] 83,112 TRANsMIssIoN/REcEPTIoN MOD 
ULE 

[0128] 131 TRANSMITTER/RECEIVER 

[0129] 132 AMPLIFIER 

[0130] FIG. 8 

[0131] 151 COMPUTER 

[0132] 152 TRANSMITTER/RECEIVER 

[0133] 153 ANTENNA 

[0134] F169 

[0135] 171 HOME-USE ELECTRIC EQUIPMENT 

[0136] 172 TRANSMITTER/RECEIVER 

[0137] 173 ANTENNA 

What is claimed is: 
1. A building comprising: 

a ?rst antenna mounted on a side of one surface of a door 

or a Wall, for sensing a signal at a millimeter Wave 
length; 

a second antenna mounted on a side of another surface of 
said door or said Wall, for radiating a signal at a 
millimeter Wavelength; 

a ?rst receiver for receiving the millimeter-Wave signal 
sensed via said ?rst antenna, and for converting the 
received millimeter-Wave signal into an electric signal; 
and 

a ?rst transmitter for converting the electric signal Which 
is received and converted by said ?rst receiver into said 
millimeter-Wave signal and for transmitting said con 
verted millimeter-Wave signal via said second antenna. 

2. A building as claimed in claim 1, further comprising: 

a ?rst transfer unit including a third antenna for sensing a 
signal at a millimeter Wavelength, and a second 



US 2002/0080087 A1 

receiver for receiving the millimeter-Wave signal 
sensed by said third antenna to convert said received 
millimeter-Wave signal into an electric signal and for 
transmitting said converted electric signal via a home 
use electric power line, said ?rst transfer unit being 
installed around an outlet of a home-use poWer supply 
on a predetermined ?oor of a home; and 

a second transfer unit including a fourth antenna for 
radiating a signal at a millimeter Wavelength, and a 
second transmitter for receiving said electric signal 
Which is transmitted via said home-use electric poWer 
line to convert said received electric signal into said 
millimeter-Wave signal and for transmitting said con 
verted millimeter-Wave signal via said fourth antenna, 
said second transfer unit being installed around an 
outlet of said home-use poWer supply on a ?oor dif 
ferent from said predetermined ?oor. 

3. A building as claimed in claim 1 Wherein: 

both said ?rst receiver and said ?rst transmitter operate 
only When said door is closed. 

4. A building comprising: 

a ?rst antenna provided on one end portion of a handrail 
Which is mounted along stairs or a corridor, for sensing 
a signal at a millimeter Wavelength; 

a second antenna provided on another end portion of said 
handrail, for radiating a signal at a millimeter Wave 
length; 

a receiver for receiving the millimeter-Wave signal Which 
is sensed by said ?rst antenna and for converting the 
received millimeter-Wave signal into an electric signal; 
and 

a transmitter for converting the electric signal Which is 
converted by said receiver into a millimeter-Wave sig 
nal, and for transmitting the converted millimeter-Wave 
signal via said second antenna. 

5. A door comprising: 

a ?rst antenna mounted on any one of one knob portion of 
a doorknob, a ?xing portion for ?xing said doorknob on 
one surface of said door, and one surface of said door, 
for sensing a signal at a millimeter Wavelength; 

a second antenna mounted on any one of another knob 
portion of said doorknob, another ?xing portion for 
?xing the doorknob on another surface of said door, and 
the other surface of said door, for radiating a signal at 
a millimeter Wavelength; 

a receiver for receiving the millimeter-Wave signal Which 
is sensed by said ?rst antenna and for converting the 
received millimeter-Wave signal into an electric signal; 
and 

a transmitter for converting the electric signal Which is 
received/converted by said receiver into said millime 
ter-Wave signal and for transmitting the converted 
millimeter-Wave signal via said second antenna. 

6. A door as claimed in claim 5 Wherein: 

both said receiver and said transmitter operate only When 
said door is closed. 

7. A doorknob comprising: 

a ?rst antenna mounted on one knob portion, for sensing 
a signal at a millimeter Wavelength; 
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a second antenna mounted on another knob portion, for 
radiating a signal at a millimeter Wavelength; 

a receiver for receiving the millimeter-Wave signal Which 
is sensed by said ?rst antenna and for converting the 
received millimeter-Wave signal into an electric signal; 
and 

a transmitter for converting the electric signal Which is 
converted by said receiver into said millimeter-Wave 
signal and for transmitting the converted millimeter 
Wave signal via said second antenna. 

8. A doorknob as claimed in claim 7 Wherein: 

both said receiver and said transmitter operate only When 
the door having the doorknob is closed. 

9. A handrail comprising: 

a ?rst antenna mounted on one end portion of said 
handrail, for sensing a signal at a millimeter Wave 
length; 

a second antenna mounted on another end portion of said 
handrail, for radiating a signal at a millimeter Wave 
length; 

a receiver for receiving the millimeter-Wave signal Which 
is sensed by said ?rst antenna and for converting the 
received millimeter-Wave signal into an electric signal; 
and 

a transmitter for converting the electric signal Which is 
converted by said receiver into said millimeter-Wave 
signal and for transmitting the converted millimeter 
Wave signal via said second antenna. 

10. A transmission method for transmitting a signal at a 
millimeter Wavelength from a transmission station to a 
reception station Within a building, comprising the steps of: 

sensing a signal at a millimeter Wavelength by a ?rst 
antenna on a side of one surface of a door or a Wall, 
Which is present on a transmission path de?ned from 
said transmission station to said reception station; 

receiving said sensed millimeter-Wave signal; 

converting the received millimeter-Wave signal into an 
electric signal; and 

transmitting said electric signal via a second antenna as 
said millimeter-Wave signal on a side of another surface 
of said door or said Wall. 

11. A transmission method for transmitting a signal at a 
millimeter Wavelength from a transmission station to a 
reception station Within a building, comprising the steps of: 

sensing a signal at a millimeter Wavelength by a ?rst 
antenna on a side of one end portion of a handrail 
mounted along stairs or a corridor Which is present on 
a transmission path de?ned from said transmission 
station to said reception station; 

receiving said sensed millimeter-Wave signal; 

converting the received millimeter-Wave signal into an 
electric signal; and 

transmitting said electric signal via a second antenna as 
said millimeter-Wave signal on a side of the another end 
portion of said handrail. 


