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(54)  Device  for  controlling  expansion/contraction  of  an  antenna  in  a  radio  unit  and  method 
therefor 

(57)  An  antenna  control  device  for  a  radio  unit  auto-  when  the  call  is  terminated.  Also,  the  device  automati- 
matically  expands  an  antenna  in  response  to  the  detec-  cally  expands  the  antenna  in  response  to  a  call  recep- 
tion  of  a  call,  and  automatically  contracts  the  antenna  tion. 
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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  device  for  con- 
trolling  the  expansion/contraction  of  an  antenna  and  a 
method  therefor,  and  more  particularly  to  a  control  de- 
vice  for  automatically  expanding  or  contracting  the  an- 
tenna  of  a  radio  unit  and  a  method  therefor. 

2.  Description  of  the  Related  Art 

Up  to  now,  the  antenna  control  device  of  this  type 
has  been  disclosed,  for  example,  in  Japanese  Utility 
Model  Unexamined  Publication  No.  Sho  60-64606 
(hereinafter  referred  to  as  "Document  1  "). 

The  control  device  disclosed  in  Document  1  auto- 
matically  expands  an  antenna  when  a  power  supply  is 
turned  on  by  the  on-operation  of  a  power  supply  switch. 
The  control  device  disclosed  in  Document  1  also  auto- 
matically  contracts  the  antenna  when  the  power  supply 
is  turned  off  by  the  off-operation  of  the  power  supply 
switch. 

On  the  other  hand,  in  Japanese  Utility  Model  Unex- 
amined  Publication  No.  Hei  4-137621  (hereinafter  re- 
ferred  to  as  "Document  2"),  there  is  disclosed  an  anten- 
na  device  that  automatically  expands  the  antenna  by  de- 
pressing  a  call  start  button. 

Further,  in  Japanese  Utility  Model  Unexamined 
Publication  No.  Hei  2-92241  (hereinafter  referred  to  as 
"Document  3"),  there  is  disclosed  a  cordless  telephone 
that  automatically  expands  the  antenna  by  depressing 
an  off-hook  button  and  automatically  contracts  the  an- 
tenna  in  response  to  the  accommodaticn  of  the  cordless 
telephone  into  a  master  unit  upon  the  completion  of  call. 

However,  the  antenna  control  device  disclosed  in 
Document  1  automatically  expands  the  antenna  even  in 
the  case  where  a  user  does  not  call  or  does  not  intend 
to  call  in  a  state  of  waiting  for  a  call  reception  signal  be- 
cause  the  antenna  is  expanded  by  turning  on  the  power 
source.  This  leads  to  such  a  problem  that  the  portability 
of  the  radio  unit  is  deteriorated  because  the  expanded 
antenna  is  obstructive. 

The  cordless  telephone  disclosed  in  Document  2 
suffers  from  such  a  problem  that  operation  is  trouble- 
some  because  the  antenna  is  contracted  manually.  Al- 
so,  because  the  antenna  is  automatically  expanded  by 
depressing  the  call  start  button,  the  antenna  can  be  au- 
tomatically  expanded  when  transmitting  a  call.  Howev- 
er,  there  arises  such  a  problem  that  the  antenna  cannot 
be  automatically  expanded  when  receiving  a  call. 

Moreover,  in  the  cordless  telephone  disclosed  in 
Document  3,  because  the  antenna  is  automatically  ex- 
panded  by  depressing  the  off-hook  button,  even  though 
the  user  does  not  intend  to  call,  the  depression  of  the 
off-hook  button  causes  the  antenna  to  be  automatically 

expanded,  thereby  leading  to  such  a  problem  that  the 
antenna  is  obstructive.  Also,  because  the  antenna  is  au- 
tomatically  expanded  by  depressing  the  off-hook  button, 
the  antenna  can  be  automatically  expanded  when  trans- 

5  mitting  a  call.  However,  there  arises  such  a  problem  that 
the  antenna  cannot  be  automatically  expanded  when  re- 
ceiving  a  call.  Further,  because  the  antenna  is  automat- 
ically  contracted  in  response  to  the  accommodation  of 
the  cordless  telephone  into  the  master  unit,  there  arises 

10  a  problem  that  it  is  not  applicable  to  a  telephone  having 
no  master  unit,  for  example,  an  automobile  telephone 
or  a  portable  telephone. 

The  specific  structures  in  which  the  antenna  is  ex- 
panded  and  contracted  are  disclosed  in  the  following 

is  three  documents. 
Referring  to  "vehicle  power  antenna"  disclosed  in 

Japanese  Patent:  Unexamined  Publication  No.  Hei 
5-28391  8  (hereinafter  referred  to  as  "Document  4"),  the 
antenna  includes  a  changeover  switch  for  changing 

20  over  the  forward  rotation  or  the  reverse  rotation  of  a  re- 
versible  motor,  and  a  motor  control  unit  for  controlling 
the  amount  of  expansion/contraction  of  an  antenna  el- 
ement  of  a  car  radio  while  controlling  the  amount  of  ro- 
tation  of  the  motor  and  the  changeover  operation  of  the 

25  changeover  switch,  for  the  purposes  of  ensuring  an  ex- 
cellent  receiving  state  of  the  AM  broadcasting  regard- 
less  of  day  or  night  and  facilitating  the  automatic  tuning 
of  a  desired  broadcasting  during  the  night. 

Also,  referring  to  "antenna  expanding/contracting 
30  device"  disclosed  in  Japanese  Patent  Unexamined  Pub- 

lication  No.  Sho  64-29103  (hereinafter  referred  to  as 
"Document  5"),  the  device  includes  a  means  for  con- 
tracting  a  main  antenna  at  the  time  of  a  weak  electric 
field  in  response  to  an  output  from  an  auxiliary  antenna 

35  for  the  detection  of  intensity  of  an  electric  field,  for  the 
purposes  of  making  the  main  antenna  in  an  expanded 
state  when  the  intensity  of  the  electric  field  is  relatively 
strong  in  the  automobile  telephone  or  the  personal  ra- 
dio,  thereby  being  capable  of  surely  conducting  the 

40  transmission/reception  operation,  and  automatically 
contracting  the  main  antenna  when  the  intensity  of  the 
electric  field  is  weak,  to  thereby  improve  the  operability. 

Further,  referring  to  "fold  type  portable  telephone" 
disclosed  in  Japanese  Patent  Unexamined  Publication 

45  No.  Hei  5-336022  (hereinafter  referred  to  as  "Document 
6"),  the  operation  of  expanding  the  antenna  at  the  time 
of  starting  a  call  and  the  operation  of  accommodating 
the  antenna  in  a  casing  at  the  time  of  finishing  the  call 
are  linked  to  the  operation  of  opening  or  closing  hinges 

so  so  as  to  be  automatically  conducted  by  a  gear  drive  sys- 
tem. 

SUMMARY  OF  THE  INVENTION 

55  The  present  invention  has  been  made  in  view  of  the 
above  circumstances,  and  therefore  an  object  of  at  least 
the  preferred  embodiments  of  the  present  invention  is 
to  provide  an  antenna  control  device  for  a  radio  unit 

2 
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which  solves  the  above  problems  and  improves  in  port- 
ability  and  operability. 

Another  such  object  is  to  provide  an  antenna  control 
device  for  a  radio  unit  which  automatically  contracts  an 
antenna  in  response  to  the  call  end  operation  of  the  ra- 
dio  unit. 

Still  another  such  object  is  to  provide  an  antenna 
control  device  for  a  radio  unit  which  automatically  ex- 
pands  an  antenna  in  response  to  a  call  reception  of  the 
radio  unit. 

Yet  still  another  such  object  is  to  provide  an  antenna 
control  device  for  a  radio  unit  which  automatically  ex- 
pands  an  antenna  when  the  intensity  of  an  electric  field 
of  a  received  signal  becomes  a  predetermined  value  or 
less  during  calling,  and  automatically  contracts  the  an- 
tenna  at  the  time  of  terminating  the  call. 

Yet  still  another  such  object  is  to  provide  an  antenna 
control  device  for  a  radio  unit,  which  is  capable  of  se- 
lecting  an  automatic  contraction  mode  in  which  an  an- 
tenna  is  automatically  contracted  and  an  analog  mode 
in  which  the  antenna  is  contracted  manually  by  an  user. 

According  to  one  aspect  of  the  present  invention, 
the  termination  of  a  call  is  detected,  and  the  antenna  is 
automatically  contracted  in  response  to  the  detection  of 
the  termination  of  the  call. 

According  to  another  aspect  of  the  present  inven- 
tion,  the  reception  of  a  call  is  detected,  and  the  antenna 
is  automatically  expanded  in  response  to  the  detection 
of  the  reception  of  the  call. 

According  to  yet  another  aspect  of  the  present  in- 
vention,  it  is  detected  that  line  is  busy,  the  intensity  of 
the  electric  field  of  the  received  signal  is  detected  while 
it  is  detected  that  line  is  busy,  the  detected  intensity  of 
the  electric  field  is  compared  with  a  predetermined  in- 
tensity  of  the  electric  field,  and  when  the  detected  inten- 
sity  of  the  electric  field  is  the  predetermined  intensity  of 
the  electric  field  or  less,  the  antenna  is  automatically  ex- 
panded. 

According  to  a  further  aspect  of  the  present  inven- 
tion,  in  the  case  of  setting  the  analog  mode  in  which  the 
antenna  is  manually  expanded  by  the  user,  the  antenna 
is  prohibited  from  being  automatically  expanded  by 
means  for  automatically  expanding  or  contracting  the 
antenna. 

In  the  above-mentioned  structure,  ,  because  thean- 
tenna  is  automatically  contracted  with  the  detection  that 
line  is  busy,  the  device  is  applicable  to  the  automobile 
telephone  or  the  portable  telephone,  thereby  being  ca- 
pable  of  simplifying  the  operation. 

Also,  because  the  antenna  is  automatically  expand- 
ed  with  the  detection  that  a  call  is  received,  the  opera- 
bility  can  be  simplified. 

Further,  because  the  antenna  is  automatically  ex- 
panded  only  in  the  case  where  the  intensity  of  the  elec- 
tric  field  during  calling  is  low,  the  portability  of  the  radio 
unit  can  be  more  improved. 

Still  further,  because  a  user  selects  the  automatic 
contraction  mode  or  the  manual  mode,  the  antenna  can 

be  expanded  or  contracted  not  only  automatically  but 
also  manually,  thereby  being  capable  of  widening  the 
operability  of  the  expansion/contraction  of  the  antenna. 

5  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

These  and  other  objects,  features  and  advantages 
of  the  present  invention  will  become  more  fully  apparent 
from  the  following  detailed  description  taken  with  the  ac- 

10  companying  drawings  in  which: 

Fig.  1  is  a  functional  block  diagram  showing  a  radio 
unit  in  accordance  with  an  embodiment  of  the 
present  invention; 

is  Fig.  2  is  a  front  view  showing  an  operation  section 
shown  in  Fig.  1  ; 
Fig.  3  is  a  flowchart  for  explaining  a  method  of  set- 
ting  an  antenna  contraction  mode; 
Fig.  4  is  a  flowchart  for  explaining  an  automatic  an- 

20  tenna  contraction; 
Fig.  5  is  a  flowchart  for  explaining  an  automatic  an- 
tenna  contraction; 
Figs.  6A  to  6C  are  diagrams  showing  the  structure 
of  an  antenna  section  in  accordance  with  the 

25  present  invention,  respectively; 
Fig.  7  is  afunctional  block  diagram  showing  an  elec- 
tronic  circuit  section  in  accordance  with  the  embod- 
iment  of  the  present  invention;  and 
Fig.  8  is  a  flowchart  showing  a  control  flow  of  the 

30  electronic  circuit  section  in  Fig.  7. 

In  the  drawings,  the  same  reference  numerals  de- 
note  the  same  structural  elements. 

EMBODIMENTS 

Now,  a  description  will  be  given  in  more  detail  of 
preferred  embodiments  of  the  present  invention  with  ref- 

40  erence  to  the  accompanying  drawings. 
Fig.  1  is  a  functional  block  diagram  showing  a  radio 

unit  in  accordance  with  an  embodiment  of  the  present 
invention. 

In  Fig.  1,  the  radio  unit  includes  an  antenna  1,  a 
45  feeder  section  2,  a  receiver  section  3,  a  demodulator 

section  4,  an  electric  field  intensity  detecting  section  5, 
a  first  analog-to-digital  (A/D)  convertor  section  6,  and  a 
comparator  section  7.  Also,  the  radio  unit  includes  a  first 
memory  section  8,  a  control  section  9,  a  first  digital-to- 

50  analog  (D/A)  convertor  secticn  10,  a  call  receiving  sec- 
tion  1  1  ,  an  operation  section  1  2,  and  a  second  memory 
section  13.  Further,  the  radio  unit  includes  a  call  trans- 
mitting  section  14,  a  second  A/D  convertor  section  15, 
a  modulator  section  16,  a  power  amplifier  section  17,  an 

55  antenna  drive  section  18,  a  third  memory  section  1  9,  a 
power  supply  20,  a  second  D/A  convertor  section  21  ,  a 
speaker  22,  and  a  display  section  23. 

The  radio  unit  is  preferably  a  radio  unit  such  as  a 

35  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
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portable  telephone,  an  automobile  telephone,  a  pager, 
a  radio  portable  terminal,  etc. 

Subsequently,  the  operation  of  the  radio  unit  will  be 
described. 

The  radio  unit  is  operated  by  a  power  supplied  from  s 
the  power  supply  20. 

A  radio  signal  received  by  the  antenna  1  is  inputted 
through  the  feeder  section  2  and  supplied  to  the  receiv- 
ing  section  3.  The  radio  signal  is  then  amplified  by  the 
receiving  section  3  and  outputted  to  the  demodulator  10 
section  4  and  the  electric  field  intensity  detecting  section 
5.  The  signal  from  the  receiving  section  3  is  demodulat- 
ed  by  the  demodulator  section  4  and  further  converted 
into  a  digital  signal  so  that  a  demodulated  signal  is  out- 
putted  to  the  control  section  9.  15 

Upon  detecting  a  call  reception  signal  from  the  de- 
modulated  signal  from  the  demodulator  section  4  by  the 
control  section  9  while  waiting  for  the  call  reception  sig- 
nal,  a  ringer  sound  received  by  the  antenna  1  is  supplied 
to  the  control  section  9  through  the  feeder  section  2,  the  20 
receiving  section  3,  and  demodulator  section  4,  subse- 
quent  to  the  call  reception  signal.  The  ringer  sound  from 
the  control  section  9  is  analog-converted  by  the  D/A  con- 
vertor  section  21  and  outputted  to  the  speaker  22.  The 
speaker  22  announces  the  ringer  sound  from  the  sec-  25 
ond  D/A  convertor  section  21  . 

In  calling  from  a  subject  radio  unit  for  starting  a  call, 
the  operation  section  12  is  operated  for  requesting  the 
control  section  9  to  call.  Upon  the  request  to  call,  a  call 
signal  is  outputted  to  the  modulator  section  16  by  the  30 
control  section  9,  converted  into  an  analog  signal  to  be 
modulated  by  the  modulator  section  1  6,  so  that  a  mod- 
ulated  signal  is  outputted  to  the  power  amplifier  section 
17.  The  modulated  signal  is  power-amplified  by  the  pow- 
er  amplifier  section  1  7,  and  transmitted  to  another  radio  35 
unit  or  other  radio  unit,  preferably  a  counterpart  of  com- 
munication  through  the  feeder  section  2  and  the  anten- 
na  1  . 

During  calling,  the  control  section  9  outputs  the  de- 
modulated  signal  from  the  demodulator  section  4  to  the  40 
first  D/A  convertor  section  10.  The  demodulated  signal 
inputted  through  the  control  section  9  is  converted  into 
an  analog  signal  by  the  first  D/A  convertor  section  10 
and  then  outputted  to  the  call  receiving  section  1  1  .  The 
call  receiving  section  11  outputs  the  analog  signal  from  45 
the  first  D/A  convertor  section  10  as  a  voice. 

Also,  a  voice  from  the  call  transmitting  section  1  4  is 
outputted  to  the  second  A/D  convertor  section  15.  The 
voice  is  converted  into  a  digital  signal  by  the  second  A/ 
D  convertor  section  1  5  and  outputted  to  the  control  sec-  so 
tion  9.  The  digital  signal  inputted  through  the  control  sec- 
tion  9  is  converted  into  an  analog  signal  to  be  modu  lated 
by  the  modulator  section  1  6,  so  that  a  modulated  signal 
is  outputted  to  the  power  amplifier  section  1  7.  The  mod- 
ulated  signal  is  power-amplified  by  the  power  amplifier  55 
section  17  and  transmitted  to  the  counterpart  of  com- 
munication  through  the  feeder  section  2  and  the  anten- 
na  1  . 

When  the  radio  unit  performs  its  functions  of,  for  ex- 
ample,  adjusting  the  volume  of  sound,  storing  an  abbre- 
viated  number,  or  setting  an  antenna  expanding  man- 
ner,  the  operation  section  1  2  is  operated  so  as  to  request 
the  control  section  9  to  set  them,  the  control  section  9 
reads  a  menu  screen  from  the  second  memory  section 
13,  and  the  display  section  23  displays,  as  the  menu 
screen,  items  for  the  adjustment  of  a  sound  volume,  the 
storage  of  the  abbreviated  number  or  the  setting  of  the 
antenna  expanding  manner.  Upon  selecting  the  setting 
of  the  antenna  expanding  manner  by  the  operation  sec- 
tion  12,  the  control  section  9  reads  an  antenna  expan- 
sion/contraction  setting  screen  from  the  second  memo- 
ry  section  13,  and  allows  the  display  section  23  to  dis- 
play,  a  plurality  of  antenna  expansion/contraction 
modes,  for  example,  an  antenna  expansion  setting 
screen  for  setting  the  automatic  expansion/contraction 
or  the  manual  expansion/contraction.  Of  the  antenna 
expansion/contraction  modes  on  the  displayed  antenna 
expansion/contraction  screen,  a  selected  mode  is 
stored  in  the  third  memory  section  1  9  by  the  control  unit 
9. 

The  automatic  expansion/contraction  or  the  manual 
expansion/contraction  of  the  antenna  1  is  conducted  by 
reading  the  antenna  expansion/contraction  mode 
stored  in  the  third  memory  section  1  9  so  as  to  drive  the 
antenna  drive  section  1  8  to  expand  the  antenna  1  . 

Also,  in  the  case  of  setting  the  electric  field  intensity 
interlocking  mode  in  which  the  antenna  1  is  automati- 
cally  expanded  when  the  intensity  of  the  electric  field  is 
weak  during  calling,  the  intensity  of  the  electric  field  of 
a  radio  signal  is  detected  by  the  electric  field  intensity 
detecting  section  5  on  the  basis  of  a  signal  from  the  re- 
ceiving  section  3.  The  intensity  of  the  electric  field  of  the 
radio  signal  includes  field  strength  or  freqency  signal 
strength.  The  detected  intensity  of  the  electric  field  is 
converted  into  a  digital  signal  by  the  first  A/D  convertor 
section  6.  The  digital  signal  is  compared  with  a  prede- 
termined  intensity  of  the  electric  field  from  the  first  mem- 
ory  section  8  by  the  comparator  section  7,  and  it  is 
judged  whether  or  not  the  intensity  of  the  electric  field 
of  the  radio  signal  received  by  the  antenna  1  is  equal  to 
or  lower  than  the  predetermined  intensity  of  the  electric 
field.  In  the  case  where  the  intensity  of  the  electric  field 
of  the  radio  signal  received  by  the  antenna  1  is  equal  to 
or  lower  than  the  predetermined  intensity  of  the  electric 
field,  the  comparator  section  7  outputs  a  judgement  sig- 
nal  to  the  control  section  9  so  that  the  control  section  9 
drives  the  antenna  drive  section  18  to  expand  the  an- 
tenna  1  . 

Subsequently,  the  structure  of  the  operation  section 
12  will  be  described  with  reference  to  Fig.  2. 

Fig.  2  is  a  front  view  of  the  operation  section  12. 
In  Fig.  2,  the  operation  section  1  2  includes  ten-keys 

consisting  0  to  9  so  that  a  dial  number  of  a  counterpart 
of  communication  is  inputted  when  calling.  A  function 
key  121  is  a  key  for  shifting  the  radio  unit  to  a  menu 
mode,  and  upon  depressing  the  function  key  121,  a 

4 



7 EP  0  800  227  A2 8 

menu  screen  is  displayed  on  the  display  section  23.  A 
send  key  122  is  a  key  for  requesting  a  call.  The  send 
key  1  22  is  depressed  after  the  dial  number  of  the  coun- 
terpart  of  communication  is  inputted  through  the  ten- 
keys  so  that  the  subject  radio  unit  is  connected  to  the 
counterpart  of  communication.  It  should  be  noted  that 
the  dial  number  of  the  counterpart  of  communication 
may  be  inputted  by  the  ten-keys  after  depression  of  the 
send  key  122.  An  off-hook  key  123  is  a  key  for  shifting 
the  radio  unit  to  an  off-hook  state  or  an  on-hook  state, 
and  in  the  off-hook  state,  the  radio  unit  is  connected  to 
a  base  station  through  a  communication  line. 

Subsequently,  the  operation  of  the  operation  sec- 
tion  12  will  be  described. 

Upon  depressing  the  function  key  121,  the  opera- 
tion  section  1  2,  the  operation  section  1  2  outputs  a  menu 
screen  display  request  signal  to  the  control  section  9  to 
request  that  the  menu  screen  is  displayed  on  the  display 
section  1  2.  Upon  depressing  any  one  of  the  ten-keys  for 
selecting  a  function  which  is  intended  to  be  set  by  a  user 
among  the  functions  of  the  radio  unit  when  the  menu 
screen  is  displayed  on  the  display  section  1  2,  the  oper- 
ation  section  12  outputs  a  setting  signal  to  the  control 
section  9  to  request  that  the  particulars  of  the  set  func- 
tion  are  displayed  on  the  display  section  12.  Similarly, 
in  further  selecting  a  function  to  be  set  in  the  radio  unit 
among  the  particulars  of  the  set  function,  the  ten-keys 
are  depressed. 

Upon  depressing  the  ten-keys  and  also  the  send 
key  122  when  the  menu  screen  is  not  displayed  on  the 
display  section  12,  the  operation  section  12  outputs  to 
the  control  section  9  a  call  request  signal  which  requests 
that  a  call  is  sent  to  the  number  inputted  by  the  ten-keys, 
thus,  requesting  the  connection  of  a  line  to  the  counter- 
part  of  communication. 

Upon  depressing  the  off-hook  key  123  in  the  on- 
hook  state,  the  control  section  12  outputs  an  off-hook 
signal  to  the  control  section  9  to  request  the  connection 
of  a  communication  line  to  the  base  station. 

Subsequently,  the  details  of  the  antenna  expansion/ 
contraction  setting  in  accordance  with  the  present  in- 
vention  will  be  described  with  reference  to  Fig.  3. 

Fig.  3  is  a  flowchart  for  explaining  the  setting  of  the 
antenna  expansion/contraction. 

In  Fig.  3,  upon  depressing  the  function  key  121 
(S1  01  ),  the  control  section  9  reads  a  menu  screen  from 
the  second  memory  section  13  and  displays  it  on  the 
display  section  12  (S102).  It  should  be  noted  that  in  the 
case  where  no  function  key  121  is  depressed,  the 
processing  returns  to  the  process  of  S1  01  .  The  display 
section  12  displays  the  menu  screen,  for  example,  the 
respective  setting  items  of  the  adjustment  of  a  sound 
volume,  the  storage  of  an  abbreviated  number  and  the 
antenna  expansion/contraction  setting  manner,  and  nu- 
merals  of  1  to  3  are  displayed  at  heads  in  correspond- 
ence  with  the  respective  setting  items.  For  example,  in 
the  case  where  the  user  intends  to  set  the  antenna  ex- 
pansion/contraction  manner,  if  a  numeral  "3"  is  added 

to  the  head  of  the  item  for  setting  the  antenna  contrac- 
tion  manner,  the  user  depresses  the  ten-key  "3".  There- 
fore,  in  the  operation  of  setting  the  antenna  expansion/ 
contraction,  the  control  section  9  judges  whether  the 

5  ten-key  "3"  is  depressed  or  not  (S1  03).  If  the  ten-key  "3" 
is  not  depressed,  the  processing  returns  to  the  process 
of  S103.  Upon  depressing  the  ten-key  "3",  the  control 
section  9  reads  the  antenna  expansion/contraction  set- 
ting  screen  from  the  second  memory  section  13  to  dis- 

10  play  it  on  the  display  section  1  2  (S1  04).  The  display  sec- 
tion  12  displays  the  antenna  expansion/contraction  set- 
ting  screen,  that  is,  an  analog  mode  in  which  the  anten- 
na  1  is  manually  expanded  or  contracted,  an  automatic 
expansion/contraction  mode  in  which  the  antenna  1  is 

is  automatically  expanded  or  contracted  during  non-call- 
ing,  and  an  electric  field  intensity  interlocking  mode  in 
which  the  antenna  1  is  automatically  expanded  or  con- 
tracted  when  the  intensity  of  the  electric  field  during  call- 
ing  is  weak.  Numerals  1  to  3  are  added  to  the  heads  of 

20  these  plural  modes,  respectively.  For  example,  when  a 
user  intends  to  set  the  automatic  expansion/contraction 
mode,  a  numeral  added  to  the  head  of  the  automatic 
expansion/contraction  mode,  for  example,  "3"  is  added, 
the  ten-key  "3"  is  depressed.  Therefore,  in  order  to  set 

25  the  antenna  expansion  manner,  the  control  section  9 
judges  whether  any  one  of  the  ten-keys  "1  ",  "2"  or  "3"  is 
depressed  or  not  (S105).  If  these  ten-keys  are  not  de- 
pressed,  the  processing  returns  to  the  process  of  S1  05. 
On  the  other  hand,  if  any  of  these  ten-keys  is  depressed, 

30  the  mode  set  by  the  control  section  9  is  stored  in  the 
third  memory  section  19. 

Subsequently,  a  description  will  be  given  in  more 
detail  of  the  automatic  antenna  contraction  with  refer- 
ence  to  Figs.  4  and  5. 

35  Figs.  4  and  5  are  flowcharts  for  explaining  the  au- 
tomatic  antenna  contraction. 

In  Fig.  4,  in  order  to  detect  whether  the  radio  unit 
shifts  to  the  off-hook  state  or  not,  it  is  judged  whether 
the  off-hook  key  123  is  depressed  in  the  on-hook  state 

40  or  not  (S201  ).  If  it  is  depressed,  the  processing  advanc- 
es  to  the  process  of  S208.  On  the  other  hand,  in  the 
process  of  S201,  if  the  off-hook  key  123  is  not  de- 
pressed,  in  order  to  detect  whether  a  call  is  requested 
or  not,  it  is  judged  whether  the  send  key  122  is  de- 

45  pressed  or  not  (S202).  If  the  send  key  1  22  is  depressed, 
the  processing  advances  to  the  process  of  S208.  On  the 
other  hand,  if  the  send  key  122  is  not  depressed,  it  is 
judged  whether  a  call  reception  signal  is  received  or  not 
(5203)  ,  and  if  the  call  reception  signal  is  not  received, 

so  the  processing  then  returns  to  the  process  of  S201  . 
If  the  call  reception  signal  is  received  in  the  process 

of  S203,  it  is  judged  whether  a  ringer  sound  sent  sub- 
sequent  to  the  call  reception  signal  is  received  or  not 
(5204)  .  Then,  the  operation  of  the  process  S204  is  con- 

55  tinued  until  receiving  the  ringer  sound.  Upon  receiving 
the  ringer  sound,  an  announce  sound  is  announced 
from  the  speaker  22  to  call  out  the  user  (S205).  When 
the  speaker  22  announces  the  announce  sound,  in  or- 

5 
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der  to  detect  whether  the  user  responds  to  the  announce 
sound  or-not,  it  is  judged  whether  any  key  of  the  oper- 
ation  section  12  is  depressed  or  not  (S206).  If  it  is  de- 
pressed,  the  processing  advances  to  the  process  of 
S208.  On  the  other  hand,  when  the  speaker  22  an- 
nounces  the  announce  sound,  if  any  key  of  the  operation 
section  12  is  not  depressed,  in  order  to  detect  whether 
the  user  is  still  being  called  out  from  the  counterpart  of 
communication  or  not,  it  is  judged  whether  the  ringer 
sound  is  still  being  received  or  not  (S207).  If  the  ringer 
sound  is  still  being  received,  the  processing  returns  to 
the  process  of  S205.  If  the  ringer  sound  has  not  been 
received,  the  process  is  ended.  Those  processes  of 
S201  to  S206  are  conducted  to  judge  whether  the  radio 
unit  is  in  a  call  state  or  not.  Also,  as  described,  the  user 
may  depress  any  key  of  the  operation  section  1  2  in  order 
to  respond  to  the  call  reception,  that  is,  the  announce 
sound  (anyone  key  function).  Instead  of  depressing  any 
key  of  the  operation  section  12,  the  off-hook  key  123 
may  be  depressed. 

In  order  to  detect  to  which  mode  a  mode  for  setting 
the  antenna  contracting  manner  is  set  in  the  process  of 
S208,  it  is  first  judged  whether  the  antenna  contraction 
setting  mode  stored  in  the  third  memory  section  19  is 
the  analog  mode  or  not  (S208).  If  it  is  the  analog  mode, 
the  processing  is  ended,  and  subsequently  the  antenna 
1  is  expanded  or  contracted  manually  by  the  user.  On 
the  other  hand,  if  the  mode  is  not  set  to  the  analog  mode, 
as  shown  in  Fig.  5,  it  is  judged  whether  the  antenna  con- 
traction  setting  mode  stored  in  the  third  memory  section 
19  is  the  electric  field  intensity  interlocking  mode  or  not 
(S209).  If  the  mode  is  not  set  to  the  electrical  field  inten- 
sity  interlocking  mode,  the  antenna  1  is  automatically 
expanded  regardless  of  the  intensity  of  the  electric  field 
(S212),  and  if  the  mode  is  set  to  the  electrical  field  in- 
tensity  interlocking  mode,  it  is  judged  whether  or  not  the 
intensity  of  the  electric  field  of  the  received  radio  signal 
is  equal  to  or  less  than  a  predetermined  value,  on  the 
basis  of  a  judgement  signal  from  the  comparator  section 
7  (S210). 

In  the  process  of  S210,  if  the  intensity  of  the  electric 
field  of  the  received  radio  signal  is  equal  to  or  less  than 
the  predetermined  value,  the  processing  advances  to 
the  process  of  S212  where  the  antenna  1  is  automati- 
cally  expanded.  If  the  intensity  of  the  electric  field  of  the 
received  radio  signal  is  not  equal  to  or  less  than  the  pre- 
determined  value,  it  is  judged  whether  the  off-hook  key 
123  is  depressed  or  not  (S211).  When  the  off-hook  key 
123  is  depressed  so  that  the  call  is  terminated,  the 
processing  is  ended  without  expanding  the  antenna  1. 
If  the  call  is  continued  without  depressing  the  off-hook 
key  1  23,  the  processing  returns  to  the  process  of  S21  0, 
and  the  antenna  1  is  automatically  expanded  at  the  time 
where  the  intensity  of  the  electric  field  of  the  radio  signal 
is  equal  to  or  less  than  the  predetermined  value  while 
the  call  is  continued. 

If  the  antenna  1  is  automatically  expanded  in  the 
process  of  S212,  in  order  to  judge  whether  the  call  is 

terminated  or  net,  it  is  judged  whether  the  off-hook  key 
123  is  depressed  or  not  (S213).  Upon  depressing  the 
off-hook  key  123  so  that  the  call  is  terminated,  the  an- 
tenna  1  is  automatically  contracted  (S214),  and  the 

5  processing  is  ended.  On  the  other  hand,  if  the  call  is 
continued  without  depressing  the  off-hook  key  123,  the 
prccessing  returns  to  the  process  of  S21  3  to  wait  for  the 
termination  of  the  call. 

In  this  embodiment,  there  was  described  that  in  the 
10  case  where  the  analog  mode  is  set,  both  of  the  expan- 

sion  and  contraction  of  the  antenna  1  is  manually  per- 
formed.  Instead,  it  may  be  constituted  such  that  only  the 
expansion  of  the  antenna  1  is  manually  performed,  and 
the  antenna  1  is  automatically  contracted  at  the  time  of 

is  terminating  the  call. 
Also,  in  this  embodiment,  in  the  case  where  the 

electric  field  intensity  interlocking  mode  is  set,  if  the  in- 
tensity  of  the  electric  field  is  weakened  and  the  antenna 
1  is  expanded,  the  antenna  1  is  held  in  the  expanded 

20  state  until  the  call  is  terminated.  Instead,  it  may  be  con- 
stituted  such  that  the  intensity  of  the  electric  field  is  de- 
tected  at  all  times,  and  the  antenna  1  is  automatically 
contracted  at  the  time  where  the  intensity  of  the  electric 
field  is  high. 

25  Subsequently,  the  structure  of  the  antenna  in  ac- 
cordance  with  the  present  invention  will  be  described 
with  reference  to  the  accompanying  drawings. 

Fig.  6A  is  a  perspective  view  showing  the  interior  of 
a  case  of  a  radio  unit,  in  particular,  a  portable  telephone 

30  in  accordance  with  an  embodiment  of  the  present  inven- 
tion,  Fig.  6B  is  a  perspective  view  showing  the  structure 
of  the  antenna  section  in  Fig.  6A,  and  Fig.  6C  is  a  par- 
tially  top  view  showing  the  antenna  expansion/contrac- 
tion  port  of  the  case  in  Fig.  6A. 

35  Referring  to  Fig.  6,  the  portable  telephone  of  this 
embodiment  includes  an  antenna  control  means  for  au- 
tomatically  expanding  and  contracting  the  antenna  in  re- 
sponse  to  the  above  operation,  etc. 

Also,  the  antenna  control  means  may  expand  or 
40  contract  the  antenna  in  response  to  the  operation  of  the 

off-hook  button  of  the  operation  section. 
In  other  words,  the  portable  telephone  is  made  up 

of  an  antenna  section  having  an  expandable  and  con- 
tractible  antenna  51  ,  a  reversible  motor  54  that  rotates 

45  the  antenna  51  ,  an  electronic  circuit  section  having  the 
function  of  the  above  antenna  control  means,  and  a 
case  56  having  an  antenna  section  receiving  chamber 
57  that  receives  the  antenna  section  and  the  reversible 
motor  54,  and  an  electronic  circuit  section  receiving 

so  chamber  58  that  receives  the  electronic  circuit  section. 
Then,  the  antenna  section  includes  an  antenna  51 

having  a  spiral  groove  52  formed  in  its  outer  periphery, 
and  a  rotating  bar  53  that  makes  the  antenna  51  move 
rotationally  and  move  vertically  along  its  axial  direction. 

55  Also,  the  case  56  includes  an  antenna  expansion/ 
contraction  port  55  having  a  protrusion  55a  which  is  en- 
gaged  with  the  spiral  groove  52  of  the  antenna  51  . 

It  should  be  noted  that  the  spiral  groove  52  defined 

6 



11 EP  0  800  227  A2 12 

in  the  antenna  51  is  formed  counterclockwise  and  up- 
wardly  as  shown  in  Fig.  6B. 

Fig.  7  shows  a  part  relating  particularly  to  an  anten- 
na  control  in  the  radio  unit  shown  in  Fig.  6. 

Fig.  7  is  a  functional  block  diagram  showing  an  elec- 
tronic  circuit  section  in  accordance  with  the  embodiment 
of  the  present  invention.  Referring  to  Fig.  7,  the  elec- 
tronic  circuit  section  61  includes  an  operation  section  64 
having  operation  keys  consisting  of  a  start  key,  an  end 
key  such  as  an  off-hook  key,  etc.,  a  motor  control  section 
65  that  controls  the  rotation  of  the  reversible  motor  (M) 
64,  a  control  section  63  that  detects  the  operating  state 
of  the  operation  key  and  the  expanding/contracting  state 
of  the  antenna  51  of  the  antenna  section  50  to  instruct 
the  rotation  control  of  the  motor  54  to  the  motor  control 
section  65,  and  a  radio  section  62  that  conducts  the 
transmission/reception  of  electric  waves  between  the 
radio  unit  and  a  base  station  (not  shown)  through  the 
antenna  section  50  and  the  antenna  51  . 

Now,  the  operation  of  expanding  and  contracting 
the  antenna  51  by  the  electronic  circuit  section  61  will 
be  described  with  reference  to  Figs.  6  and  7.  It  should 
be  noted  that  for  simplification  of  the  description,  Fig.  7 
shows  the  operation  of  expanding  or  contracting  the  an- 
tenna  according  to  the  operation  from  the  operation  sec- 
tion. 

First,  the  operation  of  expanding  the  antenna  51  will 
be  described.  Since  the  rotating  bar  53  and  the  shaft  of 
the  motor  54  are  coupled  to  each  other,  when  the  motor 
54  is  rotated  counterclockwise  by  the  motor  control  sec- 
tion  75,  the  rotating  bar  53  also  rotates  counterclock- 
wise.  Since  the  counterclockwise  rotation  of  the  rotation 
bar  53  makes  the  antenna  51  rotate  counterclockwise, 
and  the  protrusion  55a  of  the  antenna  expansion/con- 
traction  port  55  is  engaged  with  the  spiral  groove  52,  the 
antenna  51  expands  upward  while  it  rotates  along  the 
spiral  groove  52. 

It  should  be  noted  that  if  the  length  of  the  rotating 
bar  53  is  set  to  be  longer  than  that  of  the  antenna  51  , 
there  is  no  case  where  the  rotating  bar  53  comes  out 
from  the  antenna  51  . 

Then,  the  operation  of  contracting  the  antenna  51 
will  be  described.  When  the  motor  control  section  65  al- 
lows  the  motor  54  to  rotate  clockwise,  the  rotating  bar 
53  also  rotates  clockwise.  Since  the  clockwise  rotation 
of  the  rotating  bar  53  makes  the  antenna  51  rotate  clock- 
wise,  and  the  protrusion  55a  of  the  antenna  expansion/ 
contraction  port  55  is  engaged  with  the  spiral  groove  52, 
the  antenna  51  contracts  downward  while  it  rotates 
along  the  spiral  groove  52. 

It  should  be  noted  that  the  r.p.m.  of  the  motor  54 
necessary  for  completely  contracting  the  antenna  51  to 
receive  it  in  the  antenna  section  receiving  chamber  57 
is  stored  in  the  motor  control  section  65  in  advance. 

Then,  the  control  operation  according  to  this  em- 
bodiment  will  be  described  with  reference  to  Fig.  8.  Fig. 
8  is  a  flowchart  showing  the  control  flow  of  an  electronic 
circuit  section  in  Fig.  7. 

First,  the  control  section  63  checks  whether  the  start 
key  of  the  operation  section  64  is  depressed  or  not  (Step 
S31). 

Then,  upon  detection  that  the  start  key  is  depressed 
5  (Y  in  S31),  the  control  section  63  checks  whether  the 

antenna  51  is  in  an  expanded  state  or  not  (S32).  If  it  is 
Y  in  S32,  that  is,  the  antenna  51  is  in  the  expanded  state, 
the  processing  is  ended. 

Also,  if  it  is  N  in  S32,  that  is,  the  antenna  51  is  not 
10  in  the  expanded  state  (in  a  contracted  state),  the  control 

section  63  instructs  the  motor  control  section  65  so  that 
the  motor  54  is  rotated  counterclockwise  at  a  predeter- 
mined  r.p.m.  to  expand  the  antenna  51  ,  thus  ending  the 
processing  (S33). 

is  On  the  other  hand,  if  it  is  N  in  S31  ,  that  is,  the  de- 
pression  of  the  start  key  is  not  detected,  the  control  sec- 
tion  63  checks  whether  the  end  key  of  the  operation  sec- 
tion  64  is  depressed  or  not  (S34). 

Then,  upon  the  detection  that  the  end  key  is  de- 
20  pressed  (Y  in  S34),  the  control  section  63  checks  wheth- 

er  the  antenna  51  is  in  the  contracted  state  or  not  (S35). 
If  it  is  Y  in  S35,  that  is,  the  antenna  51  is  in  the  contracted 
state,  the  processing  is  ended. 

Also,  if  it  is  N  in  S35,  that  is,  the  antenna  51  is  not 
25  in  the  contracted  state  (in  the  expanded  state),  the  con- 

trol  section  63  instructs  the  motor  control  section  65  so 
that  the  motor  54  is  rotated  clockwise  at  a  predeter- 
mined  r.p.m.  to  contract  the  antenna  51  ,  thus  ending  the 
processing  (S36). 

30  Summarizing  the  above  processing  operation, 
when  the  start  key  or  the  end  key  is  depressed,  the  an- 
tenna  51  is  automatically  expanded  or  contracted.  In 
other  words,  if  the  user  depresses  the  start  key  at  the 
time  of  calling  or  responding  to  the  call  reception,  the 

35  antenna  51  is  automatically  expanded,  and  if  the  end 
key  is  depressed  at  the  time  of  terminating  the  call,  the 
antenna  51  is  automatically  contracted. 

It  should  be  noted  that  even  though  the  start  key  is 
depressed  in  the  state  where  the  antenna  51  is  in  the 

40  expanded  state,  or  even  though  the  end  key  is  de- 
pressed  in  the  state  where  the  antenna  51  is  in  the  con- 
tracted  state,  since  the  motor  control  section  65  does 
not  drive  the  motor  54,  the  contracted  state  of  the  an- 
tenna  51  is  not  changed. 

45  In  the  above  embodiment,  although  the  termination 
of  the  call  is  detected  by  the  key  operation,  the  present 
invention  is  not  limited  to  this,  and  control  may  be  con- 
ducted  in  response  to  the  detection  of  the  call  end  signal 
in  the  radio  signals. 

so  As  was  described  above,  a'ccording  to  the  present 
invention,  because  the  antenna  is  automatically  con- 
tracted  with  the  detection  that  the  call  is  terminated,  the 
device  is  applicable  to  the  automobile  telephone  or  port- 
able  telephone,  thereby  being  capable  of  simplifying  the 

55  operation. 
Also,  according  to  the  present  invention,  because 

the  antenna  is  automatically  expanded  with  the  detec- 
tion  that  the  call  is  received,  the  operability  can  be  sim- 
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plified. 
Further,  according  to  the  present  invention,  be- 

cause  the  antenna  is  automatically  expanded  only  in  the 
case  where  the  intensity  of  the  electric  field  during  call- 
ing  is  low,  the  portability  of  the  radio  unit  can  be  further 
improved. 

Still  further,  according  to  the  present  invention,  be- 
cause  the  user  selects  the  automatic  contraction  mode 
and  the  analog  mode,  the  antenna  can  be  expanded  or 
contracted  not  only  automatically  but  also  manually,  the 
operability  of  the  expansion/contraction  operation  of  the 
antenna  can  be  widened. 

While  the  present  invention  has  been  described 
with  reference  to  specific  embodiments  thereof,  this  de- 
scription  is  by  way  of  example  only.  It  will  be  appreciated 
by  those  skilled  in  the  art  that  numerous  variations,  mod- 
ifications,  and  embodiments  are  possible,  and  accord- 
ingly,  all  such  variations,  modifications,  and  embodi- 
ments  are  to  be  regarded  as  being  with  in  the  scope  of 
the  present  invention  as  defined  by  the  claims. 

Each  feature  disclosed  in  this  specification  (which 
term  includes  the  claims)  and/or  shown  in  the  drawings 
may  be  incorporated  in  the  invention  independently  of 
other  disclosed  and/or  illustrated  features. 

The  text  of  the  abstract  filed  herewith  is  repeated 
here  as  part  of  the  specification. 

An  antenna  control  device  for  a  radio  unit  automat- 
ically  expands  an  antenna  in  response  to  the  detection 
of  a  call,  and  automatically  contracts  the  antenna  when 
the  call  is  terminated.  Also,  the  device  automatically  ex- 
pands  the  antenna  in  response  to  a  call  reception. 

Claims 

1  .  An  antenna  control  device  for  a  radio  unit,  compris- 
ing: 

first  detecting  means  for  detecting  the  termina- 
tion  of  a  call;  and 
automatic  antenna  contracting  means  for  auto- 
matically  contracting  an  antenna  in  response  to 
the  detection  by  said  first  detecting  means  that 
the  call  is  terminated. 

2.  An  antenna  control  device  for  a  radio  unit  as 
claimed  in  claim  1,  wherein  said  first  detecting 
means  detects  that  an  off-hock  key  that  requests 
the  shift  to  an  on-hook  state  is  depressed. 

3.  An  antenna  control  device  for  a  radio  unit,  compris- 
ing: 

first  detecting  means  for  detecting  a  call  recep- 
tion;  and 
automatic  antenna  expanding/contracting 
means  for  automatically  expanding  an  antenna 
in  response  to  the  detection  of  the  call  reception 

by  said  first  detecting  means. 

4.  An  antenna  control  device  for  a  radio  unit  as 
claimed  in  claim  2,  wherein  said  first  detecting 

5  means  detects  that  an  arbitrary  key  in  said  radio  unit 
is  operated  at  the  time  of  receiving  a  call  for  a  user 
of  said  radio  unit. 

5.  An  antenna  control  device  for  a  radio  unit,  compris- 
10  ing: 

first  detecting  means  for  detecting  a  calling 
state  with  a  counter  part  radio  unit; 
electric  field  intensity  detecting  means  for  de- 

15  tecting  an  intensity  of  electric  field  of  a  received 
signal  when  said  first  detecting  means  detects 
the  calling  state; 
judging  means  for  comparing  said  detected  in- 
tensity  of  electric  field  with  a  predetermined  in- 

20  tensity  of  electric  field  to  output  a  judgement 
signal  when  said  detected  intensity  of  electric 
field  is  equal  to  or  less  than  said  predetermined 
intensity  of  electric  field;  and 
automatic  antenna  expanding/contracting 

25  means  for  automatically  expanding  the  anten- 
na  in  response  to  said  judgement  signal. 

6.  An  antenna  control  device  for  a  radio  unit  as 
claimed  in  claim  5,  wherein  when  said  judging 

30  means  stops  outputting  said  judgement  signal,  said 
automatic  antenna  expanding/contracting  means 
automatically  contracts  the.  antenna. 

7.  An  antenna  control  device  for  a  radio  unit,  compris- 
es  ing: 

first  detecting  means  for  detecting  the  start  of 
a  call; 
automatic  antenna  expanding/contracting 

40  means  for  automatically  expanding  an  antenna 
in  response  to  the  detection  of  the  start  of  the 
call  by  said  first  detecting  means; 
setting  means  for  setting  an  analog  mode  in 
which  the  antenna  is  manually  expanded  by  a 

45  user;  and 
prohibiting  means  for  prohibiting  said  antenna 
from  being  automatically  expanded  by  said  au- 
tomatically  antenna  expanding/contracting 
means  when  said  setting  means  sets  said  an- 

50  alog  mode. 

8.  An  antenna  control  device  for  a  radio  unit  as 
claimed  in  claim  7,  wherein  when  said  setting 
means  sets  said  analog  mode,  said  prohibiting 

55  means  prohibits  said  antenna  from  being  automat- 
ically  contracted  by  said  automatic  expanding/con- 
tracting  means. 

8 
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9.  An  antenna  control  device  for  a  radio  unit  as 
claimed  in  claim  1  ,  further  comprising: 

an  antenna  section  having  an  expandable  and 
contractible  antenna,  a  reversible  motor  that  ro-  s 
tates  said  antenna,  an  electronic  circuit  section 
having  the  function  of  said  antenna  central 
means,  and  a  case  for  receiving  said  antenna, 
said  reversible  motor  and  said  electronic  circuit 
section;  10 
wherein  said  antenna  section  includes  an  an- 
tenna  having  a  spiral  groove  formed  in  its  outer 
periphery  and  a  rotating  bar  that  makes  said  an- 
tenna  move  rotationally  and  move  vertically 
along  its  axial  direction;  and  15 
wherein  said  case  includes  an  antenna  expan- 
sion/contraction  port  having  a  protrusion  which 
is  engaged  with  said  spiral  groove  of  said  an- 
tenna. 

20 
10.  An  antenna  control  device  for  a  radio  unit  as 

claimed  in  claim  9,  wherein  said  electronic  circuit 
section  includes  an  operation  section  having  oper- 
ation  keys  including  a  start  key  and  an  end  key,  a 
motor  control  section  that  controls  the  rotation  of  25 
said  reversible  motor,  and  a  control  section  that  de- 
tects  the  operating  state  of  said  operation  key  and 
the  expanding/contracting  state  of  said  antenna  of 
said  antenna  section  to  instruct  the  rotation  control 
of  said  reversible  motor  to  said  motor  control  sec-  30 
tion. 

11.  An  antenna  control  method  for  a  radio  unit,  compris- 
ing  the  steps  of: 

35 
detecting  the  termination  of  a  call;  and 
automatically  contracting  an  antenna  in  re- 
sponse  to  the  detection  of  the  termination  of  the 
call  by  said  detecting  step. 

40 
12.  An  antenna  control  method  for  a  radio  unit  as 

claimed  in  claim  1  1  ,  wherein  said  detecting  step  de- 
tects  that  an  off-hook  key  that  request  a  shift  to  an 
on-hook  state  is  depressed. 

45 
13.  An  antenna  control  method  for  a  radio  unit,  compris- 

ing  the  steps  of: 

detecting  a  call  reception;  and 
automatically  expanding  an  antenna  in  re-  so 
sponse  to  the  detection  of  said  call  reception 
by  said  detecting  step. 

14.  An  antenna  control  method  for  a  radio  unit  as 
claimed  in  claim  1  3,  wherein  said  detecting  step  de-  55 
tects  that  an  arbitrary  key  in  said  radio  unit  is  oper- 
ated  when  said  radio  unit  calls  out  an  user. 

15.  An  antenna  control  method  for  a  radio  unit,  compris- 
ing  the  steps  of: 

detecting  a  calling  state  with  a  counter  part  ra- 
dio  unit; 
detecting  an  intensity  of  electric  field  of  a  re- 
ceived  signal  when  said  calling  state  detecting 
step  detects  the  calling  state; 
comparing  said  detected  intensity  of  electric 
field  with  a  predetermined  intensity  of  electric 
field  to  output  a  judgement  signal  when  said  de- 
tected  intensity  of  electric  field  is  equal  to  or 
less  than  said  predetermined  intensity  of  elec- 
tric  field;  and 
automatically  expanding  the  antenna  in  re- 
sponse  to  said  judgement  signal. 

16.  An  antenna  control  method  for  a  radio  unit  as 
claimed  in  claim  1  5,  wherein  when  the  output  of  said 
judgement  signal  is  stopped,  said  antenna  is  auto- 
matically  expanded. 

17.  An  antenna  control  method  for  a  radio  unit,  compris- 
ing  the  steps  of: 

detecting  the  start  of  a  call; 
automatically  expanding  an  antenna  in  re- 
sponse  to  the  detection  of  the  start  of  the  call 
by  said  detecting  step; 
setting  an  analog  mode  in  which  said  antenna 
is  manually  expanded  by  a  user;  and 
prohibiting  said  antenna  from  being  automati- 
cally  expanded  when  said  setting  step  sets  said 
analog  mode. 

18.  An  antenna  control  method  for  a  radio  unit  as 
claimed  in  claim  1  7,  wherein  when  said  setting  step 
sets  said  analog  mode,  said  antenna  is  prohibited 
from  being  automatically  contracted. 

50 
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