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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  radio  com- 
munication  apparatus  including  a  power  supply  de- 
vice  of  the  type  using  a  solar  battery  and,  more 
particularly,  to  a  power  supply  device  capable  of 
operating  over  a  long  period  of  time  with  a  rela- 
tively  small  capacity. 

In  a  radio  communication  system  suh  as  a 
single  channel  per  carrier  (SCPC)  communication 
system,  a  radio  communication  apparatus  whose 
capacity  is  relatively  small  is  implemented  with  a 
power  supply  device  of  the  type  using  a  solar 
battery  for  the  ease  of  maintenance.  It  has  been 
customary  to  construct  a  solar  battery  type  power 
supply  device  such  that  the  voltage  of  a  solar 
battery  is  monitored  and,  when  it  is  lowered  to  a 
predetermined  level,  power  supply  is  interrupted  so 
as  to  protect  the  battery  and  insure  its  long  service 
life.  Further,  it  is  a  common  practice  to  use  a  solar 
battery  having  a  capacity  which  is  ten  times  greater 
than  the  maximum  capacity  used,  providing  for 
nighttime  and  rainy  weather.  A  drawback  with  such 
a  prior  art  device  is  that  upon  the  drop  of  voltage 
beyond  the  predetermined  level  all  the  communica- 
tions  are  shut  off  although  the  solar  battery  may  be 
protected.  In  addition,  the  capacity  which  is  ap- 
proximately  ten  times  greater  than  the  maximum 
capacity  used  as  stated  above  is  undesirable  from 
the  cost  standpoint. 

In  the  specification  of  West  German  Patent 
Application  No.  3502826.2  which  was  published  on 
August  14  1985,  there  is  described  a  solar  current 
battery  charging  apparatus  in  which  when  a  pre- 
determined  battery  voltage  is  exceeded  the  charg- 
ing  current  is  simultaneously  reduced  and  a  con- 
nection  between  the  battery  and  the  consumer  is 
made. 

A  radio  communication  apparatus  will  be  de- 
scribed  below  which  has  a  power  supply  device 
using  a  solar  battery  which  is  capable  of  operating 
over  a  long  period  of  time  with  a  relatively  small 
capacity. 

In  a  particular  arrangement  to  be  described 
there  is  a  plurality  of  switches,  each  switch  being 
associated  with  a  respective  one  of  a  plurality  of 
communication  channels  for  selectively  feeding 
power  from  a  solar  battery  to  a  power  supply 
device,  and  a  controller  for  turning  on  or  off  the 
switches  stepwise  by  detecting  the  voltage  of  the 
solar  battery. 

Embodiments  of  the  invention  will  be  described 
below,  by  way  of  example,  with  reference  to  the 
accompanying  drawings  in  which:- 

Fig.  1  is  a  schematic  block  diagram  showing  a 
radio  communication  apparatus  including  a  pow- 

er  supply  device  in  accordance  with  the  present 
invention;  and 
Fig.  2  is  a  plot  representative  of  qualitative 
charging  and  discharging  characteristics  of  a 

5  solar  battery. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

io  Referring  to  Fig.  1,  a  radio  communication  ap- 
paratus  including  a  power  supply  device  according 
to  the  present  invention  is  shown  and  generally 
designated  by  the  reference  numeral  10.  In  the 
illustrative  embodiment,  the  apparatus  10  is  a  9- 

75  channel  SCPC  radio  communication  apparatus  by 
way  of  example.  As  shown,  nine  terminals  11  to  19 
such  as  telephones  and  facsimile  transceivers  are 
individually  connected  to  the  apparatus  10  by  in- 
dependent  channels.  The  apparatus  10  comprises 

20  MODEMs  21  to  29,  an  intermediate  frequency  (IF) 
combiner  40,  frequency  converters  42  and  48,  a 
separator  44,  an  antenna  46,  a  divider  50  and  a 
power  supply  device  100.  The  power  supply  device 
100  further  comprises  switches  31  to  39,  54  and 

25  56,  a  solar  battery  52  and  a  controller  58.  Each  of 
the  MODEMs  21  to  29  is  associated  with  a  respec- 
tive  one  of  the  nine  channels.  The  switches  31  to 
39  selectively  feed  power  to  the  MODEMs  21  to 
29.  The  IF  combiner  40  combines  modulated  car- 

30  rier  waves  at  the  IF  stage  while  the  frequency 
converter  42  serves  to  raise  intermediate  frequency 
to  radio  frequency.  The  separator  44  is  connected 
to  an  antenna  46.  The  frequency  converter  48  is 
adapted  to  convert  radio  frequency  to  intermediate 

35  frequency,  and  the  divider  50  is  adapted  to  divide 
an  IF  signal.  The  switches  54  and  56  are  operable 
to  establish  and  interrupt  power  supply  to  the  fre- 
quency  converters  48  and  42,  respectively.  The 
controller  58  turns  on  and  off  the  switches  31  to  39 

40  based  on  the  voltage  of  the  solar  battery  52  which 
it  constantly  monitors.  Also,  the  controller  58  con- 
trols  the  switches  54  and  56. 

The  operation  of  the  radio  communication  ap- 
paratus  10  will  be  described  by  following  the  flow 

45  of  signals.  Assuming  one  particular  channel,  e.g., 
the  channel  associated  with  a  telephone  1  1  ,  a  voice 
signal  is  modulated  by  a  modulator  section  of  the 
MODEM  21  to  become  an  IF  signal.  Applied  to  the 
IF  combiner  40,  the  IF  signal  is  combined  with 

50  other  modulated  carrier  waves  into  a  single  IF 
signal.  This  composite  IF  signal  is  converted  by  the 
frequency  converter  42  to  have  a  frequency  which 
lies  in  a  radio  frequency  (RF)  band,  the  resulting 
signal  being  transmitted  to  another  apparatus  or 

55  station  by  radio  via  the  separator  44  and  antenna 
46.  On  the  other  hand,  an  answer  from  another 
apparatus  or  station  comes  in  through  the  antenna 
46  in  the  RF  band  and  then  routed  through  the 
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separator  44  to  the  frequency  converter  48.  The 
output  of  the  frequency  converter  48  is  divided  by 
the  divider  50,  then  demodulated  by  a  demodulator 
section  of  the  MODEM  21,  and  then  fed  to  the 
telephone  11  as  a  voice  signal. 

How  the  power  supply  to  various  active  por- 
tions  in  communication  apparatus  is  controlled  will 
be  described  with  reference  made  to  Fig.  2  also. 
Power  generated  by  the  solar  battery  52  is  fed  to 
various  active  portions  via  the  switches  31  to  39, 
54  and  56.  Voltage  of  the  solar  battery  52  is 
constantly  monitored  by  the  controller  58.  When 
the  voltage  of  the  solar  battery  52  is  lowered  to  a 
predetermined  level  such  as  V2,  the  controller  58 
maintains  only  four  of  the  nine  channels  which 
have  been  supplied  with  power  active.  For  exam- 
ple,  the  controller  58  turns  off  the  switches  35  to  39 
which  are  respectively  associated  with  the  fifth  to 
ninth  channels,  while  holding  the  first  to  fourth 
channels  active.  In  practice,  power  supply  to  those 
channels  which  are  not  being  occupied  for  commu- 
nication  is  interrupted  for  user's  convenience.  Spe- 
cifically,  a  voice  detector  is  installed  in  each  of  the 
MODEMs  21  to  29  to  determine  whether  or  not  its 
associated  channel  is  busy,  and  the  controller  58 
totally  decides  the  instantaneous  condition  based 
on  the  outputs  of  the  voice  detectors  so  as  to 
deactivate  those  channels  which  are  not  busy.  An 
arrangement  may  be  made  such  that  when  the 
number  of  busy  channels  is  greater  than  that  of 
channels  to  be  deactivated,  the  busy  channels  are 
deactivated  according  to  a  predetermined  priority 
order. 

When  the  voltage  of  the  solar  battery  52  is 
further  lowered  to,  for  example,  a  level  Vi  which  is 
lower  than  the  level  V2,  the  switches  32  to  39  are 
turned  off  so  that  the  first  channel  alone  is  main- 
tained  active.  As  the  voltage  is  lowered  beyond  the 
level  Vi  to,  for  example,  a  level  V0,  all  the  switches 
31  to  39,  54  and  56  are  turned  off  resulting  in  all 
the  channels  being  deactivated. 

In  Fig.  2,  a  curve  a  shows  that  voltage  is  fed  to 
all  the  active  circuits  so  long  as  the  battery  voltage 
remains  higher  than  V2.  Should  such  minute 
threshold  voltages  V2  and  Vi  be  absent,  power 
supply  would  be  entirely  interrupted  at  a  time  ti  as 
indicated  by  a  dashed  line  in  the  figure.  In  the 
device  10  of  the  present  invention,  when  the  volt- 
age  is  lowered  to  V2,  power  otherwise  consumed 
by  five  channels  is  saved  so  that  the  rate  of  voltage 
drop  is  reduced  as  represented  by  a  solid  curve  b. 
Upon  the  drop  of  the  voltage  to  Vi  ,  power  is  fed  to 
one  channel  only  with  the  result  that  the  rate  of 
voltage  drop  is  further  reduced  as  indicated  by  a 
solid  curve  c.  Consequently,  the  power  supply  is 
fully  interrupted  at  a  time  t2.  Such  a  sequentially 
decreasing  rate  of  voltage  drop  is  successful  in 
extending  the  time  at  which  the  last  channels  be- 

comes  deactive,  although  all  the  channels  will 
eventurally  become  unusable.  The  fact  that  at  least 
one  channel  is  available  for  communication  means 
the  extension  of  service  time.  Further  although  the 

5  number  of  active  channels  may  be  limited  as  stat- 
ed  above,  subscribers  can  hold  communications 
except  when  those  channels  are  busy,  on  condition 
that  the  MODEMs  are  under  demand  assignment 
multiple  access  (DAMA).  If  desired,  the  apparatus 

io  10  may  be  used  in  such  a  manner  as  to  secure  the 
last  channel  for  emergency  communication. 

As  the  voltage  of  the  solar  battery  52  is  lower- 
ed  to  V0  and  therefore  power  is  not  consumed  any 
longer,  the  battery  52  begins  to  be  charged  at  a 

is  time  t2  which  is  later  than  the  time  ti  ,  as  indicated 
by  a  solid  curve  d.  At  a  time  t3  when  the  previously 
stated  threshold  voltage  (V2  in  the  example  of  Fig. 
2)  is  reached,  power  supply  to  the  communication 
equipment  is  resumed.  In  contrast,  a  prior  art  pow- 

20  er  supply  device  starts  charging  a  battery  at  the 
time  ti  and  sequentially  charges  it  as  represented 
by  a  dashed  curve  f  and,  therefore,  it  is  not  until  a 
time  U  at  which  the  battery  is  sufficiently  charged 
that  power  is  fed  to  communication  equipment.  Of 

25  course,  the  inclination  or  curvature  of  the  curve  f  is 
the  same  as  that  of  the  curve  d.  It  follows  that  the 
reactivation  time  t3  attainable  with  the  device  10  of 
the  present  invention  is  earlier  than  the  reactivation 
time  U  particular  to  the  prior  art  device. 

30  The  curves  shown  in  Fig.  2  have  been  dis- 
cussed  simply  by  neglecting  the  amount  of  charge 
which  is  stored  in  the  solar  battery  52  at  the  time 
of  power  supply  to  the  equipment.  This  offers  no 
problem  so  far  as  the  qualitative  aspect  is  con- 

35  cerned.  Hence,  the  device  100  reduces  the  period 
of  time  during  which  the  power  supply  to  the 
equipment  should  be  interrupted  for  charging  the 
solar  battery  52.  Moreover,  the  communication  is 
averaged  due  to  the  threshold  levels  V2  and  Vi 

40  which  are  adapted  to  limit  the  number  of  active 
channels  and  to  lower  the  voltages  for  deciding 
charged  conditions.  Such  averaged  communication 
allows  the  capacity  of  the  solar  battery  52  to  be 
reduced.  For  example,  assume  that  the  MODEMs 

45  21  to  29  and  frequency  converters  42  and  48 
shown  in  Fig.  1  consume  power  of  1  W  each,  i.  e.  , 
the  total  power  consumption  of  11  W.  Then,  the 
prior  art  device  would  need  a  solar  battery  whose 
capacity  is  110  W  which  is  ten  times  greater  than 

50  11  W.  On  the  other  hand,  since  the  number  of 
channels  used  for  communication  is  averaged  to, 
for  example,  four  in  accordance  with  this  embodi- 
ment,  the  solar  battery  52  needs  only  to  have  a 
capacity  of  (4  +  2)  x  1  0  =  60  W  even  with  a  ten 

55  times  greater  margin  included.  Although  the  watt- 
age  of  60  W  is  smaller  than  the  previously  men- 
tioned  110  W,  it  is  of  course  sufficiently  greater 
than  the  maximum  value  of  11  W  necessary  for 
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using  all  the  channels  and  therefore  brings  about 
no  problem. 

In  summary,  it  will  be  seen  that  the  present 
invention  provides  a  radio  communication  appara- 
tus  including  a  power  supply  device  which  reduces 
the  rate  of  decrease  in  the  capacity  of  a  solar 
battery,  shortens  the  period  of  time  during  which 
communication  is  prevented  to  thereby  insure  op- 
eration  over  a  long  period  of  time,  and  averages 
communication,  i.  e.  ,  power  consumption  to  re- 
duce  the  required  capacity  of  a  solar  battery. 

Although  the  invention  has  been  described,  by 
way  of  example,  with  reference  to  particular  em- 
bodiments,  it  will  be  understood  that  variations  and 
modifications  thereof,  as  well  as  other  embodi- 
ments,  may  be  made  within  the  scope  of  the  ap- 
pended  claims. 

Claims 

1.  A  radio  communication  apparatus  (10)  includ- 
ing  a  solar  battery  (52),  means  (58)  for  moni- 
toring  and  controlling  the  output  of  the  battery 
(52)  and  switch  means  (31  to  39;  54;  56) 
arranged  to  interrupt  the  power  supply  from 
the  battery  (52)  when  its  voltage  falls  below  a 
predetermined  level,  characterised  in  that  the 
switch  means  (31  to  39;  54;  56)  includes  a 
plurality  of  switches,  each  switch  being  asso- 
ciated  with  a  respective  one  of  a  plurality  of 
communication  channels  (11  to  19)  or  other 
circuit  elements  (48;  42)  for  selectively  feeding 
power  from  the  solar  battery  (52)  to  portions  of 
the  apparatus  (10),  the  monitoring  and  control- 
ling  means  (58)  turning  on  or  off  particular 
ones  of  the  switch  means  (31  to  39;  54;  56) 
stepwise  according  to  both  the  level  of  a  de- 
tected  voltage  of  the  solar  battery  (52)  and  a 
characteristic  of  selected  ones  of  the  asso- 
ciated  communication  channels  (11  to  19). 

2.  A  radio  communication  apparatus  as  claimed 
in  claim  1  ,  characterised  in  that  when  the  volt- 
age  of  the  solar  battery  (52)  has  reached  a 
threshold  value,  the  particular  ones  of  the 
switch  means  (31  to  39)  which  are  to  be  turned 
off  are  those  associated  with  those  of  the 
channels  (11  to  19)  which  are  not  being  used 
for  communication  at  the  time. 

3.  A  radio  communication  apparatus  as  claimed 
in  claim  1  ,  characterised  in  that  the  apparatus 
is  a  part  of  a  single  channel  per  carrier  radio 
communication  system. 

Patentanspruche 

1.  Funkkommunikationsapparat  (10)  mit  einer  So- 
larbatterie  (52),  einer  Einrichtung  (58)  zur  Uber- 

5  wachung  und  Steuerung  der  Ausgangsleistung 
der  Batterie  (52)  und  Schaltereinrichtungen  (31 
bis  39;  54;  56)  zum  Unterbrechen  der  Strom- 
versorgung  von  der  Batterie  (52),  wenn  ihre 
Spannung  unter  einen  vorgegebenen  Wert  ab- 

io  fallt,  dadurch  gekennzeichnet,  dal3  die  Schal- 
tereinrichtungen  (31  bis  39;  54;  56)  mehrere 
Schalter  aufweisen,  wobei  jeder  Schalter  einem 
entsprechenden  von  mehreren  Kommunika- 
tionskanalen  (11  bis  19)  oder  anderen  Schal- 

15  tungselementen  (48;  42)  zugeordnet  ist,  urn 
Teile  des  Apparats  (10)  aus  der  Solarbatterie 
(52)  selektiv  mit  Energie  zu  versorgen,  wobei 
die  Uberwachungs-  und  Steuereinrichtung  (58) 
bestimmte  von  den  Schaltereinrichtungen  (31 

20  bis  39;  54;  56)  entsprechend  dem  Pegel  einer 
gemessenen  Spannung  der  Solarbatterie  (52) 
sowie  entsprechend  einem  Kennwert  von  aus- 
gewahlten  Kanalen  unter  den  zugeordneten 
Kommunikationskanalen  (11  bis  19)  stufenwei- 

25  se  ein-  oder  ausschaltet. 

2.  Funkkommunikationsapparat  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dal3,  wenn  die  Span- 
nung  der  Solarbatterie  (52)  einen  Schwellwert 

30  erreicht  hat,  diejenigen  von  den  Schalterein- 
richtungen  (31  bis  39),  die  abzuschalten  sind, 
denjenigen  von  den  Kanalen  (11-19)  zugeord- 
net  werden,  die  zur  Zeit  nicht  fur  die  Kommu- 
nikation  verwendet  werden. 

35 
3.  Funkkommunikationsapparat  nach  Anspruch  1, 

dadurch  gekennzeichnet,  dal3  der  Apparat  Teil 
eines  Funkkommunikationssystems  mit  einem 
Kanal  pro  Trager  ist. 

40 
Revendicatlons 

1.  Dispositif  de  communication  radio  (10)  com- 
portant  une  batterie  ou  pile  solaire  (52),  un 

45  moyen  (58)  pour  surveiller  et  controler  la  sortie 
de  la  pile  ou  batterie  (52)  et  un  moyen  d'inter- 
rupteur  (31  a  39  et  ;  54  ;  56)  prevu  pour 
interrompre  I'application  de  I'alimentation  pro- 
venant  de  la  pile  ou  batterie  (52)  lorsque  sa 

50  tension  tombe  au-dessous  d'un  niveau  prede- 
termine,  caracterise  en  ce  que  le  moyen  d'in- 
terrupteur  (31  a  39  et  ;  54  ;  56)  comporte  une 
multitude  d'interrupteurs,  chaque  interrupteur 
etant  associe  a  un  canal  respectif  parmi  une 

55  multitude  de  canaux  de  communication  (11  a 
19)  ou  autres  elements  du  circuit  (48  ;  42)  pour 
delivrer  selectivement  I'alimentation  provenant 
de  la  batterie  ou  pile  solaire  (52)  aux  parties  de 

4 
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I'appareil  (10),  le  moyen  de  surveillance  et  de 
controle  (58)  fermant  ou  ouvrant  les  moyens 
d'interrupteur  particuliers  parmi  les  moyens 
d'interrupteur  (31  a  39  et  ;  54  ;  56)  par  paliers 
conformement  a  la  fois  au  niveau  de  la  tension 
detectee  de  la  batterie  ou  pile  solaire  (52)  et 
d'une  caracteristique  des  canaux  selectionnes 
parmi  les  canaux  de  communication  associes 
(11  a  19). 

Dispositif  de  communication  radio  selon  la  re- 
vendication  1,  caracterisant  en  ce  que  le  dis- 
positif  est  une  partie  d'un  systeme  de  radio- 
communication  a  un  seul  canal  par  porteuse. 

10 
Dispositif  de  communication  radio  selon  la  re- 
vendication  1,  caracterisant  en  ce  que  lorsque 
la  tension  de  la  batterie  ou  pile  solaire  (52)  a 
atteind  la  valeur  de  seuil,  les  moyens  d'inter- 
rupteur  particuliers  parmi  les  moyens  d'inter-  is 
rupteur  (31  a  39)  qui  doivent  etre  ouverts  sont 
ceux  associes  avec  ceux  des  canaux  (11  a  19) 
qui  ne  sont  pas  actuellement  en  utilisation  pour 
communication. 
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