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(57)  A  radio  telecommunication  apparatus  sends 
signals  to  a  base  station  for  a  first  period  over 
radio  channels  established  by  a  time  division 
multiple  access  (TDMA)  system.  The  apparatus 
has  a  battery  whose  voltage  decreases  in  res- 
ponse  to  consumption  of  the  battery.  The  ap- 
paratus  measures  the  voltage  of  the  battery  only 
during  a  second  period  other  than  the  first 
period  and  estimates  remaining  energy  of  the 
battery  in  response  to  the  measured  voltage. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  radio  telecom- 
munication  apparatus  used  in  a  radio  telecommunica- 
tion  system,  such  as  a  motor  vehicle  radio  telephone 
system  or  a  portable  radio  telephone  system.  More 
particularly,  the  invention  relates  to  a  radio  telecom- 
munication  apparatus  and  method  capable  of  provid- 
ing  information  to  a  user  on  the  remaining  energy  of 
a  battery  in  the  apparatus. 

Description  of  the  Related  Art 

Recently  radio  communication  apparatus  have 
been  reduced  in  size  and  weight.  For  this  reason,  a 
small  and  light  battery  is  required  in  such  apparatus. 
Some  small  and  light  batteries  are  known.  One  of 
such  small  and  light  batteries  is  a  lithium  ion  battery, 
referred  to  herein  as  a  Li-ion  battery.  This  battery  has 
more  energy  density  per  volume  and  weight  than  a 
Nickel-Cadmium  battery  (referred  to  herein  as  a  Ni- 
Cd  battery)  used  more  frequently  in  the  past.  In  ad- 
dition  the  Li-ion  battery  has  another  feature.  FIG.  7 
shows  the  variation  of  the  battery  voltage  of  Li-ion 
and  Ni-Cd  batteries  in  response  to  battery  consump- 
tion  time,  if  the  consumption  current  flowing  in  the 
battery  is  constant.  Referring  to  FIG.  7,  the  Ni-Cd  bat- 
tery  voltage  is  substantially  constant  during  dis- 
charge,  while  the  Li-ion  battery  voltage  decreases  as 
the  discharge  continues.  Since  the  Li-ion  battery  vol- 
tage  decreases  in  proportion  to  the  Li-ion  battery 
consumption  time,  an  apparatus  with  a  Li-ion  battery 
can  derives  a  remaining  consumption  time  by  sub- 
tracting  the  elapsed  consumption  time  from  a  total 
consumption  time.  The  remaining  consumption  time 
corresponds  to  the  remaining  energy  of  the  battery. 
Therefore,  the  apparatus  may  recognize  the  remain- 
ing  energy  of  a  Li-ion  battery  by  detecting  the  Li-ion 
battery  voltage  in  proportion  to  the  Li-ion  battery  con- 
sumption  time. 

However,  if  this  method  of  detecting  the  remain- 
ing  energy  of  the  battery  is  applied  to  a  digital  radio 
communication  apparatus,  the  following  error  oc- 
curs. 

A  digital  radio  communication  apparatus  utilizes 
a  time  division  multiple  access  system  (called  a 
TDMA  system)  as  a  communication  system.  FIG.  8 
shows  the  basic  concept  of  the  TDMA  system.  Refer- 
ring  to  FIG.  8,  a  base  station  BS  sends  a  signal  to 
portable  radio  apparatus  PS1  ,  PS2,  PS3  in  a  service 
area  E.  The  signal  consists  of  a  plurality  of  slots. 
Three  slots  constitute  a  frame.  The  signal  is  sent  over 
a  downward  radio  frequency  channel.  Each  portable 
apparatus  PS  is  assigned  one  slot  of  three  slots.  Each 
portable  apparatus  receives  a  downward  signal  dur- 
ing  a  period  corresponding  to  the  downward  assigned 

slot.  Therefore,  the  apparatus  extracts  information 
included  only  in  the  downward  assigned  slot.  The 
portable  apparatus  PS  sends  an  upward  signal  to  the 
base  station  BS  over  an  upward  radio  frequency 

5  channel.  Each  portable  apparatus  sends  the  upward 
signal  during  a  period  corresponding  to  an  upward  as- 
signed  slot.  Therefore,  the  upward  signal  is  intermit- 
tent.  FIG.  9  shows  upward  and  downward  slots  be- 
tween  the  base  station  BS  and  the  portable  appara- 

10  tus  PS1  .  Referring  to  FIG.  9,  the  portable  apparatus 
PS1  sends  the  intermittent  upward  signal  to  the  base 
station  BS  using  the  upward  slot#1  .  Further,  the  port- 
able  apparatus  PS1  receives  the  downward  signal 
during  a  period  corresponding  to  downward  slot  #1. 

15  The  upward  and  the  downward  slots  #1  are  referred 
to  herein  as  the  "transmit"  slot  and  the  "receive"  slot. 
During  a  period  corresponding  to  the  downward  slot 
#2,  the  apparatus  PS1  sends  and  receives  no  signal. 
Therefore  the  slot  corresponding  to  the  slot  #2  is  re- 

20  ferred  to  herein  as  an  "idle"  slot.  The  above  three  slots 
repeat  in  every  frame. 

FIG.  10  shows  a  block  diagram  of  a  conventional 
apparatus  including  the  battery.  Referring  to  FIG.  10, 
the  battery  has  an  internal  resistance  R.  The  battery 

25  is  coupled  to  a  battery  circuit  providing  a  predeter- 
mined  voltage  to  each  section  and  further  coupled  to 
an  A/D  convertor  for  converting  an  analog  value  of  an 
output  to  a  digital  value  thereof.  The  digitized  battery 
voltage  value  VDET  is  provided  to  a  control  circuit.  In 

30  this  case,  when  the  real  voltage  of  the  battery  is  de- 
fined  as  VLi  and  the  current  flowing  through  the  bat- 
tery  as  lLi,  the  digitized  battery  voltage Vdet  is  ex- 
pressed  by  a  following  expression. 

VDET  =  VLi  -  RILi  (I) 
35  According  to  the  above  expression,  the  digitized 

battery  voltage  VDET  varies  in  accordance  with  the 
current  lLi  flowing  through  the  battery. 

In  the  portable  digital  apparatus,  an  average  cur- 
rent  flowing  through  the  battery  during  the  transmit 

40  slot  period  is  from  450  mA  to  750  mA,  while  an  aver- 
age  current  flowing  through  the  battery  during  the  re- 
ceive  slot  period  and  the  idle  slot  period  is  150  mA. 
That  is,  the  current  lLi  during  the  period  corresponding 
to  the  transmit  slot  is  much  higher  than  that  during  the 

45  periods  corresponding  to  the  receive  and  idle  slots. 
Therefore,  referring  to  the  expression  (1),  the  Li-ion 
battery  voltage  VDET  during  the  period  corresponding 
to  the  transmit  slot  is  much  less  than  that  during  the 
periods  corresponding  to  the  receive  and  idle  slots. 

so  Fig.  11  shows  the  relationship  between  the  digitized 
Li-ion  battery  voltage  VDET  and  the  consumption  time 
of  the  battery  provided  in  the  portable  digital  telecom- 
munication  apparatus.  Referring  to  FIG.  11,  the  digi- 
tized  battery  voltage  VDET  during  the  period  corre- 

55  sponding  to  the  transmit  slot  Tina  frame  is  much  less 
than  that  during  the  period  corresponding  to  the  re- 
ceive  slot  R  in  the  frame  and  the  idle  slot  I  in  the 
frame.  For  example,  assume  that,  the  digitized  bat- 
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tery  voltage  VDET  is  V1(v)  at  the  time  T1  and  the  digi- 
tized  battery  voltage  VDET  is  V2(v)  at  the  time  T2  after 
T1.  A  predetermined  criterion  is  established  to  esti- 
mate  remaining  battery  energy.  If  the  above  estima- 
tion  is  made  between  V1(v)  and  V2(v)  to  determine 
the  remaining  battery  energy  using  the  criterion,  the 
following  error  occurs.  The  remaining  energy  of  the 
battery  at  the  time  T1  is  estimated  to  be  lower  than 
the  predetermined  criterion,  while  the  remaining  en- 
ergy  of  the  battery  at  the  ti  me  T2  after  T1  is  estimated 
to  be  higher  than  the  criterion.  That  is,  in  spite  of  the 
actual  consumption  of  the  battery,  the  remaining  en- 
ergy  of  the  battery  is  incorrectly  estimated  at  too  high 
a  level.  This  kind  of  error  occurs  if  the  portable  digital 
communication  apparatus  derives  the  remaining  en- 
ergy  of  the  battery  from  the  detection  of  the  digitized 
battery  voltage  VDET  at  any  time. 

Further,  the  battery  consumption  of  current  dur- 
ing  the  period  of  time  corresponding  to  the  transmit 
slot  varies  in  accordance  with  a  position  of  the  port- 
able  apparatus  in  the  service  area  E.  This  is  because 
the  transmission  power  of  the  portable  apparatus  va- 
ries  according  to  the  distance  of  the  apparatus  from 
the  base  station  BS  as  shown  in  FIG.  12.  When  the 
portable  apparatus  PS  is  near  the  base  station  BS, 
the  transmission  power  of  the  apparatus  is  small. 
When  the  apparatus  PS  is  far  from  the  base  station 
BS,  the  transmission  power  of  the  apparatus  is  large. 
The  transmission  power  has  several  values.  As 
shown  in  FIG.  11,  if  the  transmission  power  at  the 
time  T1  is  higher  than  the  transmission  power  at  the 
time  T3,  and  the  battery  voltage  VDET  at  the  time  T3 
is  V3(v),  a  following  error  occurs.  In  spite  of  the  pass- 
ing  of  time  and  the  reduction  of  battery  energy,  the 
battery  voltage  VDET  is  estimated  to  be  increased  be- 
tween  V1  to  V3.  This  results  in  an  estimate  that  the 
remaining  energy  of  the  battery  is  higher  instead  of 
lower. 

Thus,  if  the  battery  voltage  is  detected  during  a 
time  period  including  the  transmit  slot,  the  above- 
described  error  occurs. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  the  present  invention  has  been 
made  in  view  of  the  above  circumstances  and  has  an 
object  to  provide  a  radio  telecommunication  appara- 
tus  capable  of  better  estimating  the  remaining  energy 
of  the  battery  provided  in  the  apparatus. 

Additional  objects  and  advantages  of  the  inven- 
tion  will  be  set  forth  in  part  in  the  description  which 
follows  and  in  part  will  be  apparent  from  the  descrip- 
tion,  or  may  be  learned  by  practice  of  the  invention. 
The  objects  and  advantages  of  the  invention  may  be 
realized  and  attained  by  means  of  the  instrumentali- 
ties  and  combinations  particularly  pointed  out  in  the 
written  description  and  claims  hereof  as  well  as  the 
appended  drawings.  To  achieve  these  and  other  ob- 

jects  and  advantages  and  in  accordance  with  the  pur- 
poses  of  the  invention,  there  is  provided  a  radio  tele- 
communication  apparatus  for  communicating  with  a 
base  station  over  radio  channels  established  by  a 

5  time  division  multiple  access  (TDMA)  system,  the  ap- 
paratus  having  a  battery  whose  voltage  decreases  in 
response  to  consumption  of  the  energy  stored  in  the 
battery.  The  apparatus  comprises  recognizing 
means  for  recognizing  whether  the  apparatus  is 

10  sending  signals  to  the  base  station,  measuring 
means  responsive  to  the  recognizing  means  for 
measuring  the  voltage  of  the  battery  only  when  the 
apparatus  is  not  sending  the  signals  to  the  base  sta- 
tion,  and  estimating  means  responsive  to  the  meas- 

15  uring  means  for  estimating  a  remaining  energy  of  the 
battery  in  response  to  the  measured  voltage. 

It  is  to  be  understood  that  both  the  foregoing  gen- 
eral  description  and  the  following  detailed  description 
are  exemplary  and  explanatory  and  are  intended  to 

20  provide  further  explanation  of  the  invention  as 
claimed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

25  The  accompanying  drawings,  which  are  incorpo- 
rated  in  and  constitute  a  part  of  this  specification,  il- 
lustrate  several  embodiments  of  the  invention  and, 
together  with  the  description,  serve  to  explain  the  ob- 
jects,  advantages,  and  principles  of  the  invention.  In 

30  the  drawings,  FIG.  1  is  a  block  diagram  illustrating  an 
embodiment  of  a  radio  telecommunication  apparatus 
according  to  the  present  invention; 

FIG.  2  is  a  flow  chart  illustrating  a  connection 
control  operation  sequence  in  an  embodiment  of 

35  the  present  invention; 
FIG.  3  is  a  flow  chart  illustrating  a  first  embodi- 
ment  for  determining  the  remaining  energy  of  a 
battery  in  the  apparatus; 
FIG.  4  is  a  table  illustrating  the  content  of  the  de- 

40  termined  remaining  energy  of  a  battery; 
FIG.  5  is  a  flow  chart  illustrating  a  second  em- 
bodiment  for  determining  the  remaining  energy  of 
a  battery  in  the  apparatus; 
FIG.  6  is  a  flow  chart  illustrating  a  third  embodi- 

45  ment  for  determining  the  remaining  energy  of  a 
battery  in  the  apparatus; 
FIG.  7  is  a  graph  illustrating  the  relationship  be- 
tween  battery  voltage  and  battery  consumption 
time; 

so  FIG.  8  is  a  block  diagram  illustrating  a  conven- 
tional  time  division  multiple  access  (TDMA)  sys- 
tem; 
FIG.  9  is  a  upward  signal  format  from  the  appa- 
ratus  to  a  base  station  and  a  downward  signal 

55  from  the  base  station  to  the  apparatus  in  the 
TDMA  system; 
FIG.  10  is  a  block  diagram  illustrating  a  portion 
of  the  apparatus  including  the  battery  and  the 
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battery  circuit  connected  to  the  battery; 
FIG.  11  shows  the  relationship  between  the  bat- 
tery  voltage  and  the  battery  consumption  time  if 
the  apparatus  with  the  battery  is  communicating 
with  the  base  station  in  the  TDMA  system;  and 
FIG.  12  is  a  block  diagram  illustrating  the  trans- 
mission  power  of  the  apparatus  in  the  TDMA  sys- 
tem 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Reference  will  now  be  made  in  detail  to  the  pres- 
ent  preferred  embodiments  of  the  invention,  exam- 
ples  of  which  are  illustrated  in  the  accompanying 
drawings. 

Aradio  telecommunication  apparatus  embodying 
the  present  invention  will  be  detailed  with  reference 
to  the  attached  drawings. 

FIG.  1  shows  a  block  diagram  of  the  mobile  radio 
telephone  apparatus  referred  to  as  the  radio  tele- 
phone  apparatus  in  accordance  with  an  embodiment 
of  the  present  invention. 

The  radio  telephone  apparatus  is  roughly  divided 
into  transmission,  reception  and  control  sections. 
Reference  numeral  40  denotes  a  power  supply  such 
as  a  battery.  The  transmission  section  comprises  a 
microphone  11,  a  speech  coder  (SPCOD)  12,  an  error 
correction  coder  (CHCOD)  13,  a  digital  modulator 
(MOD)  14,  an  adder  15,  a  power  amplifier  (PA)  16,  a 
high  frequency  switch  circuit  (SW)  17  and  an  antenna 
18. 

A  transmit  audio  signal  from  the  microphone  11 
is  subjected  at  the  speech  coder  12  to  a  coding.  The 
speech  coder  12  outputs  the  digital  transmit  signal. 
The  error  correction  coder  13  performs  its  error  cor- 
rection  coding  operation  over  the  digital  transmit  sig- 
nal  and  a  digital  control  signal  issued  from  a  control 
circuit  30  (which  is  explained  below). 

The  digital  modulator  14  generates  a  modulation 
signal  corresponding  to  a  digital  transmit  signal  is- 
sued  from  the  error  correction  coder  13.  The  adder 
15  adds  the  modulation  signal  received  from  the  dig- 
ital  modulator  14  and  a  carrier  signal  received  from  a 
synthesizer  31  for  frequency  conversion.  The  power 
amplifier  16  amplifies  a  high  frequency  signal  re- 
ceived  from  the  adder  15  to  a  predetermined  level 
and  provides  a  transmit  signal. 

The  high  frequency  switch  is  turned  ON  only  for 
a  period  of  time  corresponding  to  a  transmit  time  slot 
designated  by  the  control  circuit  30.  During  this  time, 
the  high  frequency  switch  17  receives  the  transmit 
signal  from  the  power  amplifier  16  and  supplies  it  to 
the  antenna  1  8.  The  transmit  signal  is  transmitted  to- 
ward  a  base  station  (not  shown)  in  the  form  of  a  radio 
transmit  signal. 

The  receiver  section  includes  a  receiver  (RX)  21  , 
a  digital  demodulator  (DEMOD)  22,  an  error  correc- 

tion  decoder  (CHDEC)  23,  a  speech  decoder 
(SPDEC)  24  and  a  receiver  25. 

The  receiver  21  performs  its  frequency  convert- 
ing  operation  over  a  radio  receiver  signal  received 

5  from  the  antenna  through  the  high  frequency  switch 
17  and  outputs  a  receive  signal.  The  digital  demodu- 
lator  22  performs  bit  and  frame  synchronizing  opera- 
tions  overthe  receive  signal  received  from  the  receiv- 
er21  to  obtain  a  synchronized  signal  and  supplies  the 

10  synchronized  signal  to  the  control  circuit  30  and  a  de- 
modulation  signal  to  the  error  correction  decoder  23. 
The  bit  and  frame  synchronizing  operations  are  de- 
fined  as  a  word  synchronization.  The  error  correction 
decoder  23  performs  its  error  correction  decoding 

15  operation  over  the  digital  demodulation  signal  re- 
ceived  from  the  digital  demodulation  22  to  obtain  a 
digital  receive  signal. 

Further,  the  error  correction  decoder  23  provides 
a  digital  control  signal  for  scanning  channels  and 

20  communication,  to  the  control  circuit  30. 
The  digital  receive  signal  issued  from  the  error 

correction  decoder  23  is  sent  to  the  speech  decoder 
24.  The  speech  decoder  24  performs  its  decoding  op- 
eration  over  the  digital  receive  signal  to  provide  an 

25  analog  receive  signal.  The  analog  receive  signal  is 
then  applied  to  the  speaker  25. 

Further,  the  control  section  includes  the  afore- 
mentioned  control  circuit  30,  the  aforementioned  fre- 
quency  synthesizer  (SYS)  31,  key  unit  32,  an  LCD 

30  driver  33  and  an  LCD  34.  The  synthesizer  31  gener- 
ates  an  oscillation  frequency  necessary  for  radio 
communication  with  the  base  station  under  control  of 
the  control  circuit  30. 

Reference  numeral  40  denotes  a  power  supply 
35  such  as  a  Li-ion  battery.  This  battery  is  rechargeable. 

The  Li-ion  battery  has  an  internal  resistance  R.  The 
current  of  the  battery  40  is  referred  to  herein  as  cur- 
rent  I.  The  Li-ion  battery  is  connected  to  a  battery  cir- 
cuit  41  and  an  analog/digital  converter  called  as  A/D 

40  converter  42.  The  battery  circuit  41  receives  an  out- 
put  voltage  and  changes  the  output  voltage  to  a  pre- 
determined  voltage  Vcc.  The  predetermined  voltage 
Vcc  is  supplied  to  each  section  in  the  apparatus.  The 
A/D  converter  42  converts  the  output  analog  voltage 

45  of  the  Li-ion  battery  40  to  a  digital  value  VDET  corre- 
sponding  to  the  output  analog  voltage  and  provides 
the  digital  value  VDET  to  the  control  circuit  30. 

FIG.  2  shows  a  connection  control  operation  of 
the  apparatus.  When  a  power  switch  is  turned  on 

so  (step  100),  the  control  circuit  30  sets  a  flag  at  a  logic 
"01"  (step  102).  Thereafter  an  initialization  operation 
is  performed  (step  104).  In  this  operation,  a  predeter- 
mined  range  of  control  channels  (referred  to  as  D 
channels)  is  scanned  to  obtain  the  information  indica- 

55  tive  of  electric  field  intensity  of  received  signals  over 
each  channel.  The  channel  having  the  strongest  elec- 
tric  field  intensity  is  selected  from  the  D  channels. 
The  apparatus  is  ready  for  receiving  signals  through 

4 
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the  D  channel  having  the  strongest  electric  field  in- 
tensity. 

The  control  circuit  30  performs  bit  and  frame  syn- 
chronization  operations  (referred  to  as  a  word  syn- 
chronization)  on  signals  received  through  the  select- 
ed  D  channel. 

In  response  to  the  synchronization  operations, 
the  control  circuit  30  recognizes  each  period  of  time 
corresponding  to  a  transmit  slot,  a  receive  slot  and  an 
idle  slot.  This  performance  is  referred  to  herein  as  the 
recognition  of  slots.  Therefore  the  control  circuit  30 
recognizes  the  slot  corresponding  to  a  given  time.  In 
response  to  the  recognition  of  the  time  slot,  the  con- 
trol  circuit  30  controls  the  high  frequency  switch  17. 
The  antenna  18  is  coupled  to  the  power  amplifier  16 
for  a  period  of  ti  me  corresponding  to  the  transmit  slot, 
and  is  coupled  to  the  receiver  21  for  a  period  of  time 
corresponding  to  the  receive  slot.  The  antenna  18  is 
uncoupled  for  a  period  of  time  corresponding  to  the 
idle  slot. 

If  the  word  synchronization  is  performed  within  a 
predetermined  period  of  time,  system  information  is 
detected  through  signals  received  through  this  D 
channel. 

The  system  information  includes  a  range  of  fre- 
quency  channels  (referred  to  as  P  channels  herein- 
after)  to  be  scanned  next.  If  the  system  information 
is  detected  within  a  predetermined  period  of  time,  the 
control  circuit  30  scans  P  channels  (step  106). 

P  channels  are  scanned  to  obtain  the  information 
indicative  of  the  electricfield  intensity.  The  apparatus 
is  ready  for  receiving  information  through  the  P  chan- 
nel  having  the  strongest  field  intensity. 

The  word  synchronization  operation  is  per- 
formed  on  signals  received  through  the  P  channel 
having  the  strongest  field  intensity.  In  this  time,  the 
recognition  of  slots  is  performed.  After  that,  the  con- 
trol  circuit  30  obtains  a  system  information. 

After  receiving  the  system  information,  the  con- 
trol  circuit  30  transmits  a  signal  including  a  mobile 
identification  number  and  the  electric  field  intensity 
of  the  system  information  to  a  base  station.  There- 
after  the  control  circuit  30  sets  the  apparatus  to  a 
standby  state  (step  108). 

In  this  state,  if  the  apparatus  receives  an  incom- 
ing  call  signal,  an  incoming  response  sequence  is 
performed  (step  110). 

After  detecting  the  incoming  call  signal,  the  con- 
trol  circuit  30  causes  the  demodulator  to  scan  each 
predetermined  control  channel  (defined  as  an  Achan- 
nel)  to  obtain  reception  electric  field  intensity  infor- 
mation. 

Next,  a  word  synchronization  is  performed  on 
signals  received  through  the  selected  Achannel  (step 
404).  In  this  time,  the  above-described  recognition  of 
slots  is  performed.  If  the  word  synchronization  is  per- 
formed  within  a  predetermined  period  of  time,  a  sys- 
tem  information  is  detected  by  signals  received 

through  this  A  channel.  If  the  system  information  is 
detected  within  a  predetermined  period  of  time,  the 
control  circuit  sends  a  receive  acknowledge  signal 
through  the  selected  Achannel  to  the  base  station. 

5  If  the  base  station  receives  the  receive  acknowl- 
edge  signal  from  the  mobile  radio  telephone  appara- 
tus  within  a  predetermined  period  of  time,  the  base 
station  transmits  the  signal  including  the  information 
indicative  of  designated  speech  channels.  Other- 

10  wise,  the  base  station  does  not  transmit  the  signal. 
Thereafter,  a  signal  including  an  information  in- 

dicative  of  designated  speech  channels  is  received. 
When  the  signal  is  received  within  a  predetermined 
period  of  time,  A  channels  are  switched  to  the  desig- 

15  nated  speech  channels.  The  designated  speech 
channels  include  a  forward  channel  for  transmitting 
audio  signals  to  the  base  station  and  a  backward 
channel  for  receiving  audio  signals  from  the  calling 
apparatus.  Thus,  a  communication  link  between  a 

20  calling  telephone  apparatus  and  the  called  apparatus 
is  established. 

After  the  control  circuit  captures  designated 
speech  channels,  the  apparatus  is  set  into  a  ringing 
signal  reception  standby  state  for  receiving  an  incom- 

25  ing  signal.  When  the  ringing  signal  is  received,  the  ap- 
paratus  generates  a  ringing  tone.  In  this  state,  the  ap- 
paratus  is  set  to  await  a  user's  response. 

When  the  user  responds  to  the  ringing  tone  by 
lifting  the  handset  or  depressing  a  "SEND"  key,  the 

30  control  circuit  30  sets  the  flag  at  a  logic  "10"  (step 
112).  Thereafter,  the  control  circuit  30  performs  a 
communication  with  the  calling  party  to  be  called 
(step  114). 

During  communication,  when  the  user  replaces 
35  the  handset  on-hook,  the  communication  through 

speech  channels  is  ceased.  Thereafter,  when  the 
transmission  function  is  disabled  (step  116),  the  ini- 
tialization  is  resumed  (step  102). 

In  the  standby  state  in  step  108  of  FIG.  2,  when 
40  a  call  request  is  detected  by  an  input  at  the  key  unit 

32  or  a  voice  dialing,  a  call  origination  operation 
starts  (step  118). 

The  control  circuit  causes  the  demodulator  to 
scan  each  predetermined  Achannel  (control  channel) 

45  to  obtain  reception  electricfield  intensity  information. 
The  apparatus  is  set  to  receive  signals  through  the 
control  channel  having  the  strongest  intensity. 

Next,  the  word  synchronization  operation  is  per- 
formed  on  signals  received  through  the  selected  A 

so  channel  (step  504).  In  this  time,  the  designation  of 
time  slots  is  performed.  If  the  word  synchronization 
operation  is  performed  within  a  predetermined  period 
of  time,  a  system  information  is  detected  from  signals 
received  through  this  control  channel. 

55  If  the  control  circuit  detects  that  the  user's  action 
to  make  a  call  is  confirmed  and  an  appropriate  control 
channel  for  broadcast  of  an  origination  signal  is  se- 
lected,  a  call  origination  signal  including  the  tele- 

5 
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phone  number  to  be  called,  which  is  entered  by  the 
user  and  a  mobile  identification  number  of  the  appa- 
ratus,  is  transmitted  over  this  control  channel. 

Thereafter,  the  apparatus  detects  whether  the 
acknowledge  signal  from  the  base  station  has  been 
received. 

The  acknowledge  signal  includes  an  information 
indicative  of  designated  speech  channels.  The  base 
station  calls  the  other  party  to  be  called  on  the  basis 
of  the  telephone  number  included  in  the  origination 
signal.  When  the  acknowledge  signal  is  received  with- 
in  a  predetermined  period  of  time,  a  communication 
link  over  the  designated  channels  may  then  be  estab- 
lished  between  the  apparatus  and  the  called  appara- 
tus.  Otherwise,  the  initialization  is  resumed  (step 
102). 

After  the  communication  link  is  established  be- 
tween  the  apparatus  and  the  called  apparatus,  the 
control  circuit  30  sets  the  flag  at  a  logic  "10"  (step 
112).  Thereafter,  the  control  circuit  30  performs  a 
communication  with  the  calling  party  (step  114). 

During  communication,  when  the  user  replaces 
the  handset  on-hook,  the  communication  through 
speech  channels  is  ceased.  Thereafter,  when  the 
transmission  function  is  disabled,  the  initialization  is 
resumed  (step  102). 

FIG.  3  shows  a  first  embodiment  of  an  operation 
of  measuring  the  remaining  energy  of  the  Li-ion  bat- 
tery. 

The  control  circuit  30  recognizes  each  period  of 
time  corresponding  to  the  transmit  slot,  the  receive 
slot  and  the  idle  slot  in  response  to  the  word  synchron- 
ization  operation.  Therefore,  the  control  circuit  recog- 
nizes  the  slot  corresponding  to  a  present  time.  In  re- 
sponse  to  the  recognition,  the  control  circuit  30 
checks  whether  the  apparatus  is  sending  signals  to 
the  base  station.  That  is,  the  control  circuit  30  checks 
whether  the  present  time  is  in  the  period  of  time  cor- 
responding  to  the  transmit  slot  (step  200).  The  control 
circuit  30  repeats  the  check  as  long  as  the  present 
time  is  in  the  period  of  time  corresponding  to  the 
transmit  slot.  If  the  presenttime  is  in  a  period  of  time 
corresponding  to  the  receive  slot  or  the  idle  slot,  the 
control  circuit  30  checks  the  digitized  battery  voltage 
VDET  (step  202).  Thereafter,  the  digitized  battery  vol- 
tage  VDET  is  compared  to  each  of  several  established 
criterion.  The  relationship  between  each  of  three  cri- 
teria  is  shown  as  follows,  with  the  first,  second  and 
third  criterion  defined  as  V1,  V2  and  V3. 

V1  >  V2  >  V3 
Firstly,  the  digitized  battery  voltage  VDET  is  com- 

pared  to  the  first  criterion  (step  204).  If  the  digitized 
battery  voltage  VDET  is  at  or  above  the  first  criterion 
V1,  the  control  circuit  30  displays  "75%  ==  REMAIN- 
ING  ENERGY  ==  100%"  (step  206).  Otherwise,  the 
digitized  battery  voltage  VDET  is  compared  to  the  sec- 
ond  criterion  V2  (step  208).  If  the  digitized  battery  vol- 
tage  VDET  is  at  or  above  the  second  criterion  V3,  the 

control  circuit  30  displays  "50%  ==  REMAINING  EN- 
ERGY  <  75%"  (step  210).  Otherwise,  the  digitized 
battery  voltage  VDET  is  compared  to  the  third  criterion 
(step  212)  V3.  If  the  digitized  battery  voltage  VDET  is 

5  at  or  above  the  third  criterion  V3,  the  control  circuit  30 
displays  "25%  ==  REMAINING  ENERGY  <  50%"  (step 
214).  Otherwise,  the  control  circuit  30  displays  "0%  == 
REMAINING  ENERGY  <  25%"  (step  216). 

FIG.  4  shows  the  contents  of  the  display  in  re- 
10  sponse  to  the  result  of  the  comparison  of  the  digital- 

ized  battery  voltage  VDET  to  each  criterion. 
In  the  above  embodiment,  the  control  circuit  30 

detects  the  battery  voltage  only  during  a  period  of 
time  corresponding  to  a  slot  other  than  the  transmit 

15  slot.  The  current  flowing  through  the  battery  is  sub- 
stantially  constant  during  the  period  of  time  corre- 
sponding  to  the  receive  and  idle  slots.  Thus,  the  bat- 
tery  voltage  decreases  in  response  to  the  battery 
consumption  of  time  during  these  periods.  Therefore, 

20  the  control  circuit  30  derives  the  remaining  energy  of 
the  battery  from  the  battery  voltage  during  these  per- 
iods.  As  a  result,  the  control  circuit  30  is  able  to  inform 
the  user  of  the  apparatus  more  accurately  of  the  re- 
maining  energy  of  the  battery. 

25  FIG.  5  shows  a  second  embodiment  of  the  pres- 
ent  invention.  The  second  embodiment  differs  from 
the  first  embodiment  with  respect  to  the  period  of 
time  during  which  the  digitized  battery  voltage  VDET 
is  checked  and  compared  to  each  criterion.  Referring 

30  to  FIG.  5,  the  control  circuit  checks  whether  the  pres- 
ent  time  is  in  the  period  of  time  corresponding  to  the 
receive  slot  (step  300). 

The  control  circuit  30  repeats  the  check  as  long 
as  the  present  time  is  not  in  the  period  of  time  corre- 

35  sponding  to  the  receive  slot.  If  the  present  time  is  in 
the  period  of  time  corresponding  to  the  receive  slot, 
the  control  circuit  30  checks  the  digitized  battery  vol- 
tage  VDET  (step  302).  Steps  from  302  to  306  are  the 
same  as  the  steps  from  202  to  216  in  FIG.  3.  There- 

to  fore,  explanations  relating  to  steps  from  302  to  306 
are  omitted. 

Although  in  the  second  embodiment,  the  digi- 
tized  battery  voltage  VDET  is  compared  to  each  criter- 
ion  during  only  the  period  of  time  corresponding  to 

45  the  receive  slot,  VDET  may  be  compared  to  each  cri- 
terion  during  only  a  period  of  time  corresponding  to 
the  idle  slot. 

FIG.  6  shows  a  third  embodiment  of  the  present 
invention.  The  third  embodiment  differs  from  the 

so  above  two  embodiments  with  respect  to  the  criteria 
compared  to  the  digitized  battery  voltage  VdEj.  The 
control  circuit  30  checks  the  flag  referred  to  FIG.  2 
(step  400  in  FIG.  6).  The  control  circuit  30  checks 
whether  the  apparatus  is  set  to  be  in  the  standby  state 

55  in  response  to  the  value  of  the  flag  (step  402).  If  the 
flag  is  set  to  be  a  logic  "01",  the  control  circuit  30  de- 
termines  that  the  apparatus  is  set  to  be  in  the  standby 
state.  In  this  case,  the  control  circuit  30  checks  wheth- 

6 
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erthe  present  time  is  in  a  period  of  time  correspond- 
ing  to  a  slot  other  than  the  transmit  slot  (step  404). 
Steps  from  404  to  41  0  are  same  as  the  steps  from  200 
to  216  in  FIG.  3.  Therefore,  explanation  of  the  steps 
from  404  to  410  are  omitted. 

If  the  flag  is  set  to  be  a  logic  "10"  in  the  step  402, 
the  control  circuit  30  determines  that  the  apparatus 
is  set  to  be  in  the  communication  state.  In  the  com- 
munication  state,  the  control  circuit  30  sends  and  re- 
ceives  signals  including  audio  information  and  con- 
trol  information.  While  in  the  standby  state,  the  con- 
trol  circuit  30  sends  and  receives  signals  including 
only  control  information.  Therefore,  during  only  a  per- 
iod  of  time  corresponding  to  the  communication 
state,  the  speech-coder  and  the  speech-decoder  are 
used.  As  a  result,  the  current  flowing  in  the  apparatus 
during  the  period  of  time  corresponding  to  the  com- 
munication  state  is  larger  than  that  during  a  period  of 
time  corresponding  to  the  standby  state.  Therefore, 
the  digitized  battery  voltage  VDET  in  the  communica- 
tion  state  is  smaller  than  that  in  the  stand  by  state.  For 
this  reason,  the  control  circuit  30  decreases  each  cri- 
terion. 

If  the  present  time  is  in  a  time  period  correspond- 
ing  to  the  slot  other  than  the  transmit  slot  (step  412), 
the  digitized  battery  voltage  VDET  is  checked  (step 
414).  The  control  circuit  30  repeats  the  check  as  long 
as  the  present  time  is  in  the  period  of  time  corre- 
sponding  to  the  transmit  slot.  After  the  step  414,  the 
control  circuit  30  decreases  each  criterion  so  that  the 
control  circuit  30  compensates  the  digitized  battery 
voltage  VDET  in  the  communication  state  to  be  smaller 
than  that  in  the  standby  state  (step  416).  Thereafter, 
the  control  circuit  30  compares  the  digitized  battery 
voltage  VDET  to  each  decreased  criterion  (step  418). 
The  way  of  comparing  VDET  to  each  decreased  criter- 
ion  (step  41  8)  and  displaying  the  remaining  energy  of 
the  Li-ion  battery  (step  410)  is  the  same  as  the  way 
in  the  first  embodiment. 

This  invention  is  not  limited  to  the  above  embodi- 
ment.  In  the  above  embodiment,  the  detection  of  the 
voltage  of  the  Li-ion  battery  provided  in  the  apparatus 
has  been  explained.  However,  since  other  batteries 
such  as  lead  batteries,  alkali  batteries  or  manganese 
batteries  have  a  feature  in  which  the  battery  voltage 
decreases  in  response  to  battery  consumption  these 
kinds  of  batteries  also  may  be  used  with  the  appara- 
tus. 

Claims 

1.  Aradio  telecommunication  apparatus  for  commu- 
nicating  with  a  base  station  over  radio  channels 
established  by  a  time  division  multiple  access 
(TDMA)  system,  the  apparatus  having  a  battery 
(40)  whose  voltage  decreases  in  response  to  con- 
sumption  of  the  energy  stored  in  the  battery,  (40) 

characterised  in  that  the  apparatus  comprises: 
recognizing  means  (30)  for  recognizing 

whether  the  apparatus  is  sending  signals  to  the 
base  station; 

5  measuring  means  (30)  responsive  to  the 
recognizing  means  (30)  for  measuring  the  vol- 
tage  of  the  battery  only  when  the  apparatus  is  not 
sending  the  signals  to  the  base  station;  and 

estimating  means  (30)  responsive  to  the 
10  measuring  means  (30)  for  estimating  remaining 

energy  of  the  battery  (40)  in  response  to  the 
measured  voltage. 

2.  The  apparatus  of  claim  1  characterized  inthatthe 
15  apparatus  comprises  informing  means  (34)  re- 

sponsive  to  the  estimating  means  (30)  for  inform- 
ing  a  user  of  the  remaining  energy  of  the  battery 
(40). 

20  3.  The  apparatus  ofclaim  2  characterized  inthatthe 
informing  means  includes  displaying  means  (34) 
for  displaying  information  corresponding  to  the 
remaining  energy  of  the  battery  (40). 

25  4.  The  apparatus  ofclaim  1  characterized  inthatthe 
estimating  means  (30)  includes  comparing 
means  (30)  responsive  to  the  measuring  means 
(30)  for  comparing  the  measured  voltage  with  at 
least  one  predetermined  criterion,  the  remaining 

30  energy  of  the  battery  being  estimated  in  re- 
sponse  to  the  result  of  the  comparison. 

5.  The  apparatus  ofclaim  1  characterized  inthatthe 
battery  is  a  Lithium-ion  battery. 

35 
6.  A  radio  telecommunication  apparatus  for  receiv- 

ing  signals  from  a  base  station  for  a  receive  per- 
iod  over  radio  channels  established  by  a  time  di- 
vision  multiple  access  (TDMA)  system,  the  appa- 

40  ratus  having  a  battery  (40)  whose  voltage  de- 
creases  in  response  to  consumption  of  the  ener- 
gy  stored  in  the  battery  (40)  characterized  in  that 
the  apparatus  comprises: 

measuring  means  (30)  for  measuring  the 
45  voltage  of  the  battery  (40)  only  during  the  receive 

period;  and 
estimating  means  (30)  responsive  to  the 

measuring  means  for  estimating  a  remaining  en- 
ergy  of  the  battery  (40)  in  response  to  the  meas- 

50  ured  voltage. 

7.  A  radio  telecommunication  apparatus  operative 
during  an  idle  period  to  send  no  signals  to  a  base 
station  and  to  receive  no  signals  from  the  base 

55  station,  the  apparatus  having  a  battery  (40) 
whose  voltage  decreases  in  response  to  con- 
sumption  of  the  battery  (40)  characterized  in  that 
the  apparatus  comprises: 

7 
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measuring  means  for  measuring  voltage  of 
the  battery  only  during  the  idle  period;  and 

estimating  means  responsive  to  the 
measuring  means  for  estimating  remaining  ener- 
gy  of  the  battery  (40)  in  response  to  the  meas-  5 
ured  voltage. 

8.  Aradio  telecommunication  apparatus  for  commu- 
nicating  with  a  base  station  over  radio  channels 
established  by  a  time  division  multiple  access  w 
(TDMA)  system,  the  apparatus  having  a  battery 
(40)  whose  voltage  decreases  in  response  to  con- 
sumption  of  the  energy  stored  in  the  battery  (40) 
characterized  in  that  the  apparatus  comprises: 

recognizing  means  (30)  for  recognizing  15 
whether  the  apparatus  is  sending  signals  to  the 
base  station; 

measuring  means  (30)  responsive  to  the 
recognizing  means  for  measuring  the  voltage  of 
the  battery  (40)  only  when  the  apparatus  is  not  20 
sending  signals  to  the  base  station;  and 

converting  means  responsive  to  the 
measuring  means  for  converting  the  measured 
voltage  of  the  battery  into  a  value. 

25 
9.  Aradio  telecommunication  apparatus  forsending 

signals  to  a  base  station  for  a  send  period  over  ra- 
dio  channels  established  by  a  time  division  mul- 
tiple  access  (TDMA)  system,  the  apparatus  hav- 
ing  a  battery  (40)  whose  voltage  decreases  in  re-  30 
sponse  to  consumption  of  the  energy  stored  in 
the  battery  (40)  characterized  in  that  the  appara- 
tus  comprises: 

recognizing  means  (30)  for  recognizing  a 
non-send  time  other  than  the  send  period;  35 

measuring  means  (30)  responsive  to  the 
recognizing  means  (30)  for  measuring  the  vol- 
tage  (40)  of  the  battery  (40)  only  at  the  non-send 
time;  and 

estimating  means  (30)  responsive  to  the  40 
measuring  means  (30)  for  estimating  remaining 
energy  of  the  battery  (40)  in  response  to  the 
measured  voltage. 

10.  Aradio  telecommunication  apparatus  forsending  45 
signals  to  a  base  station  for  a  send  period  over  ra- 
dio  channels  established  by  a  time  division  mul- 
tiple  access  (TDMA)  system,  wherein  the  appa- 
ratus  communicates  with  another  apparatus  via 
the  base  station  over  a  speech  channel  of  the  ra-  50 
dio  channels  in  a  first  state  and  the  apparatus 
communicates  with  only  the  base  station  over  a 
control  channel  of  the  radio  channels  in  a  second 
state,  the  apparatus  having  a  battery  (40)  whose 
voltage  decreases  in  response  to  consumption  of  55 
the  energy  stored  in  the  battery  (40)  character- 
ized  in  that  the  apparatus  comprises: 

recognizing  means  (30)  for  recognizing  a 

non-send  time  other  than  the  send  period; 
measuring  means  (30)  responsive  to  the 

recognizing  means  (30)  for  measuring  voltage  of 
the  battery  (40)  only  at  the  non-send  time; 

comparing  means  (30)  responsive  to  the 
measuring  means  (30)  for  comparing  the  voltage 
of  the  battery  (40)  with  at  least  one  first  predeter- 
mined  criterion  when  the  apparatus  is  in  the  first 
state  and  for  comparing  the  voltage  of  the  battery 
(40)  with  at  least  one  second  predetermined  cri- 
terion  when  the  apparatus  is  in  the  second  state; 
and 

estimating  means  (30)  responsive  to  the 
measuring  means  for  estimating  remaining  ener- 
gy  of  the  battery  (40)  in  response  to  the  result  of 
the  comparison. 

11.  The  apparatus  ofclaim  10  characterized  in  that 
each  first  criterion  is  smaller  than  each  second 
criterion. 

12.  A  method  of  estimating  remaining  energy  stored 
in  a  battery  (40)  provided  in  a  radio  telecommu- 
nication  apparatus,  the  apparatus  communicat- 
ing  with  a  base  station  over  radio  channels  estab- 
lished  by  a  time  division  multiple  access  (TDMA) 
system,  the  voltage  of  the  battery  (40)  decreas- 
ing  in  response  to  consumption  of  the  energy 
stored  in  the  battery  (40)  characterized  in  that  the 
method  comprises  the  steps  of: 

recognizing  whether  the  apparatus  is 
sending  signals  to  the  base  station; 

measuring  the  voltage  of  the  battery  (40) 
only  when  the  apparatus  is  not  sending  the  sig- 
nals;  and 

estimating  remaining  energy  of  the  bat- 
tery  (40)  in  response  to  the  measured  voltage. 

13.  A  method  of  estimating  remaining  energy  stored 
in  a  battery  (40)  provided  in  a  radio  telecommu- 
nication  apparatus,  the  apparatus  receiving  sig- 
nals  from  a  base  station  for  a  receive  period  over 
radio  channels  established  by  a  time  division 
multiple  access  (TDMA)  system,  the  voltage  of 
the  battery  (40)  decreasing  in  response  to  con- 
sumption  of  the  energy  stored  in  the  battery  (40) 
characterized  in  that  the  method  comprises  the 
steps  of: 

measuring  the  voltage  of  the  battery  (40) 
only  during  the  receive  period;  and 

estimating  a  remaining  energy  of  the  bat- 
tery  (40)  in  response  to  the  measured  voltage. 

14.  A  method  of  estimating  remaining  energy  stored 
in  a  battery  (40)  provided  in  a  radio  telecommu- 
nication  apparatus,  the  apparatus  being  opera- 
tive  to  send  no  signals  to  a  base  station  and  to  re- 
ceive  no  signals  from  the  base  station  for  an  idle 
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period,  the  voltage  of  the  battery  (40)  decreasing 
in  response  to  consumption  of  the  energy  stored 
in  the  battery  (40)  characterized  in  that  the  meth- 
od  comprises  the  steps  of: 

measuring  voltage  of  the  battery  (40)  only 
during  the  idle  period;  and 

determining  a  remaining  energy  of  the  bat- 
tery  in  response  to  the  measured  voltage. 

15.  Amethod  of  estimating  remaining  energy  stored 
in  a  battery  (40)  provided  in  a  radio  telecommu- 
nication  apparatus,  the  apparatus  communicat- 
ing  with  a  base  station  over  radio  channels  estab- 
lished  by  a  time  division  multiple  access  (TDMA) 
system,  the  voltage  of  the  battery  (40)  decreas- 
ing  in  response  to  consumption  of  the  energy 
stored  in  the  bettery  (40)  characterized  in  that  the 
method  comprises  the  steps  of: 

recognizing  whether  the  apparatus  is 
sending  signals  to  the  base  station; 

measuring  the  voltage  of  the  battery  (40) 
only  when  the  apparatus  is  not  sending  signals  to 
the  base  station;  and; 

converting  the  measured  voltage  of  the 
battery  (40)  into  a  value. 

16.  Amethod  of  estimating  remaining  energy  stored 
in  a  battery  (40)  provided  in  a  radio  telecommu- 
nication  apparatus,  the  apparatus  sending  sig- 
nals  to  the  base  station  for  a  send  period  over  ra- 
dio  channels  established  by  a  time  division  mul- 
tiple  access  (TDMA)  system,  the  voltage  of  the 
battery  (40)  decreasing  in  response  to  consump- 
tion  of  the  energy  stored  in  the  battery,  charac- 
terized  in  that  the  method  comprises  the  steps  of: 

recognizing  a  non-send  time  other  than 
the  send  period; 

measuring  the  voltage  of  the  battery  (40) 
only  at  the  non-send  time;  and 

estimating  remaining  energy  of  the  bat- 
tery  (40)  in  response  to  the  measured  voltage. 

17.  Amethod  of  estimating  remaining  energy  stored 
in  a  battery  (40)  provided  in  a  radio  telecommu- 
nication  apparatus,  the  apparatus  sending  sig- 
nals  to  a  base  station  for  a  send  period  over  radio 
channels  established  by  a  time  division  multiple 
access  (TDMA)  system,  wherein  the  apparatus 
communicates  with  another  apparatus  via  the 
base  station  over  a  speech  channel  of  the  radio 
channels  in  a  first  state  and  the  apparatus  com- 
municates  with  only  the  base  station  over  a  con- 
trol  channel  of  the  radio  channels  in  a  second 
state,  the  apparatus  having  a  battery  (40)  whose 
voltage  decreases  in  response  to  consumption  of 
the  energy  stored  in  the  battery  characterized  in 
that  the  method  comprises  the  steps  of: 

recognizing  for  recognizing  a  non-send 

time  other  than  the  send  period; 
measuring  voltage  of  the  battery  (40)  only 

at  the  non-send  time; 
comparing  the  voltage  of  the  battery  (40) 

5  with  at  least  one  first  predetermined  criterion 
when  the  apparatus  is  in  the  first  state  and  for 
comparing  the  voltage  of  the  battery  with  at  least 
one  second  predetermined  criterion  when  the  ap- 
paratus  is  in  the  second  state;  and 

10  estimating  remaining  energy  of  the  bat- 
tery  (40)  in  response  to  the  result  of  the  compar- 
ison. 
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