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©  Horizontal  infra-red  communication  system. 

©  Infra-red  communication  system  in  which  mes- 
sages  in  the  form  of  pulse-coded  data  signals  are 
transmitted  and  exchanged  between  transmit/receive 
units  which  are  each  provided  with  infra-red  light- 
emitting  elements  and  infra-red  light-sensitive 
photoelements.  The  message  transmission  is  used 
for  controlling  vehicle  movements  for  transporting 
goods  or  personnel  in  a  particular  area.  To  this  end 
such  a  transmit/receive  unit  is  provided  on  top  of  or 
underneath  of  each  vehicle  and  one  or  more  perma- 
nently  installed  such  transmit/receive  units  are  pro- 
vided  above  the  ground  in  the  area  itself.  Each 
transmit/receive  unit  consists  of  a  transparent  tube  to 
be  installed  vertically  which  is  provided  with  at  least 
one  transmit  platform  (10)  with  a  large  number  of 

flight-emitting  diodes  and  one  receive  platform  (11) 
^with  one  or  more  photodetectors  for  transmitting  and 
qq  receiving  omnidirectionally  in  the  horizontal  direction. 
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Horizontal  infra-red  communication  system 

The  invention  relates  to  an  infra-red  commu- 
nication  system  in  which  messages  in  the  form  of 
pulse-coded  data  signals  are  transmitted  and  ex- 
changed  between  transmit/receive  units  which  are 
each  provided  with  infra-red  light-emitting  elements 
and  infra-red  light-sensitive  photoelements,  the 
message  transmission  being-  used  for  controlling 
vehicle  movements  intended  for  transporting  goods 
or  personnel  in  a  particular  area,  to  which  end  such 
£  transmit/receive  unit  with  an  associated  data- 
jnput  and  read-out  unit  for  the  purpose  of  the 
controi  is  provided  on  each  vehicle  which  can  be 
controlled  in  direction  and  speed  and  one  or  more 
permanently  installed  such  transmit/receive  units 
are  provided  in  the  area  itself.  The  invention  also 
relates  to  an  infra-red  transmit/receive  unit  such  as 
is  used  in  the  abovementioned  infra-red  commu- 
nication  system.  Such  an  infra-red  communication 
system  and  such  an  infra-red  transmit/receive  unit 
are  known  from  European  Patent  34859. 

In  the  case  of  the  infra-red  communication  sys- 
tem  described  in  said  patent,  the  transmission 
takes  place  mainly  in  the  vertical  direction  because 
the  fixed  transmit/receive  units  connected  to  the 
central  computer  are  accomodated  at  particular  po- 
sitions  in  the  road  surface  and  are  directed  up- 
wards,  and  because  such  transmit/receive  units  are 
also  mounted  on  the  vehicles  travelling  over  the 
road  surface,  which  units  are  directed  downwards 
towards  the  road  surface  and  are  connected  to  the 
vehicle  computer.  Said  infra-red  communication 
system  and  the  said  transmit/receive  units  are  used 
to  achieve  regulation  of  the  traffic  of  the  vehicles 
which  travel  across  a  large  storage  area  and  which 
transport  containers  and  such  goods.  However,  a 
drawback  is  that  the  message  transmission  can 
only  take  place  if  the  vehicle  or  the  carrier  is 
moving  in  the  direct  vicinity  of  the  transmit/receive 
unit  or  ground  container  accomodated  in  the  road 
surface.  Furthermore,  an  adequate  number  of 
transmit/receive  units  must  be  accomodated  in  the 
road  surface  in  order  to  guarantee  a  reasonably 
rapid  and  reliable  regulation  of  traffic.  In  addition  to 
the  ground  containers,  an  appreciable  amount  of 
cabling  has  also  to  be  laid  in  the  ground,  as  a 
result  of  which  the  costs  of  the  entire  system  are 
high. 

The  object  of  the  invention  is  to  eliminate  the 
abovementioned  problems.  According  to  the  inven- 
tion,  this  is  achieved  in  an  infra-red  communication 
system  of  the  type  mentioned  in  the  introduction  in 
a  manner  such  that  the  system  is  embodied  for 
omnidirectional  transmission  mainly  in  the  horizon- 
tal  direction,  to  which  end  the  vehicle 
transmit/receive  units  are  mounted  in  each  case  on 

top  of  or  underneath  a  vehicle  and  the  permanently 
installed  transmit/receive  units  are  accordingly  pro- 
vided  above  the  ground,  and  in  that  each 
transmit/receive  unit  consists  of  a  transparent  tube 

5  to  be  installed  vertically  which  is  provided  with  at 
least  one  transmit  platform  with  a  large  number  of 
light-emitting  diodes  and  one  receive  platform  with 
a  number  of  photodetectors  for  transmitting  and 
receiving  omnidirectionally  in  the  horizontal  direc- 

10  tion. 
Because,  in  this  embodiment  according  to  the 

invention,  the  transmit/receive  units  can  transmit 
and  receive  omnidirectionally  in  the  horizontal 
plane,  and  because  the  range  is  sufficiently  large 

75  for  the  area  concerned,  only  a  few  fixed  positions 
need  to  be  installed.  Because,  in  this  embodiment, 
the  transmission  via  the  ground  cables  is  omitted,  it 
is  now  possible,  through  a  correct  coverage  of  the 
area  with  a  few  fixed  transmit/receive  units,  to 

20  communicate  at  any  required  instant  because  there 
is  always  a  visual  contact  between  a  vehicle  and 
one  of  the  fixed  transmit/receive  units  on  the  masts 
connected  directly  to  the  central  post. 

The  invention  will  be  explained  in  more  detail 
25  on  the  basis  of  an  exemplary  embodiment  with 

reference  to  the  drawings,  in  which: 
Figure  1  shows  a  sketch  of  a  storage  or 

transshipment  area  in  which  the  horizontal  infra-red 
communication  system  according  to  the  invention 

30  is  used, 
Figure  2  shows  a  side  view  of  a 

transmit/receive  unit  according  to  the  invention, 
Figure  3  shows  a  block  diagram  of  the  con- 

nection  of  the  fixed  transmit/receive  units  and  a 
35  transmit/receive  unit  mounted  on  a  vehicle;  and 

Figures  4  and  5  show  respectively  a  diagram 
of  the  final  driving  stage  of  the  transmitting  diodes 
and  of  the  receive  amplifier  of  the  receiving  diodes. 

Figure  1  shows  a  diagrammatic  view  of  a  stor- 
40  age  or  transshipment  area  in  which  goods  such  as 

containers  are  transported  by  vehicles.  In  Figure  1  , 
1  indicates  a  vehicle  or  carrier  for  receiving  and 
transporting  a  good  or  container  2,  3  indicates  a 
fixed  object  such  as  a  mast,  and  4  indicates  a 

45  transmit/receive  unit  respectively.  This  communica- 
tion  system  operates  over  a  distance  of,  for  exam- 
ple  100  to  200  m  and  guarantees  a  wireless  and 
interference-free  message  transmission  in  a  rapid 
and  reliable  manner.  This  takes  place  respectively 

so  by  means  of  the  transmit/receive  unit  4  mounted 
on  top  of  the  vehicle  1  and  the  transmit/receive  unit 
4  mounted  on  the  mast  3,  which  transmit  and 
receive  mainly  omnidirectionally.  It  is  also  possible 
to  mount  the  vehicle  transmit/receive  unit  under- 
neath  instead  of  on  top  of  the  vehicle  and  to  install 
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the  permanently  installed  transmrt/receive  unit  at  a 
height  corresponding  to  this.  It  is  obvious  that  no 
obstructions,  or  as  few  obstructions  as  possible, 
are  present  in  the  light  transmission  path.  Instead 
of  on  a  mast  the  fixed  transmit/receive  unit  may 
also  be  attached  to  a  quasi-fixed  object  such  as  a 
fork-lift  truck.  As  a  result  of  this  embodiment  com- 
munication  is  possible  at  any  required  instant  be- 
tween  the  driver  or  robot  of  the  vehicle  and  the 
central  post  as  a  result  of  which  the  communica- 
tion  transmission  takes  place  in  real  time. 

Figure  2  shows  a  side  view  of  an  exemplary 
embodiment  of  the  transmit/receive  unit  according 
to  the  invention.  This  consists  of  a  tube  of  transpar- 
ent  plastic  material,  such  as  perspex,  in  which 
three  transmit  platforms  10  and  one  receive  plat- 
form  tt  are  accomodated.  In  each  transmit  plat- 
form  a  large  number  of  infra-red  light-emitting  di- 
odes  are  installed  on  a  disc  12  in  a  manner  such 
that  they  radiate  light  upwards  via  an  angle  of 
aperture  of  10°  to  a  truncated  conical  reflector 
placed  on  the  disc  whose  axis  coincides  with  the 
tube  axis  and  whose  apex  angle  is  90°.  As  a  result 
of  this  the  radiation  transmitted  upwards  is  con- 
verted  into  a  radiation  extending  in  the  horizontal 
plane.  In  each  transmit  platform  thirty  two  branches 
of  twelve  light-emitting  diodes,  for  example  of  the 
type  SFH  484,  are  mounted  on  the  associated  disc. 
The  driving  final  stage  of  the  diodes  is  also  situated 
on  the  disc  inside  the  truncated  cone.  If  the  dis- 
tance  to  be  spanned  becomes  larger,  it  will  be 
possible  to  provide  more  diodes  per  transmit  plat- 
form,  which  must  have  a  somewhat  larger  circum- 
ference,  or  more  transmit  platforms.  The  receive 
platform  11  situated  in  the  tube  at  the  top  contains 
a  truncated  conical  reflector  14  whose  axis  co- 
incides  with  the  tube  axis  and  whose  virtual  apex 
angle  is  90°,  and  a  parabolic  mirror  15  situated 
above  it.  The  mainly  horizontal  incident  infra-red 
light  is  reflected  upwards  by  the  reflection  cone  14 
to  the  parabolic  mirror  15  which  focuses  the  light 
on  the  top  face  16  on  which  a  large  receiving  diode 
or  a  number  of  smaller  photodiodes  is  situated. 
The  receive  amplifier  circuit  of  the  receive  platform 
is  situated  underneath  the"  top  face.  In  the  ab- 
ovementioned  embodiment,  the  angle  of  emission 
and  the  angle  of  incidence  of  the  infra-red  light 
have  been  matched  to  each  other  and  are  approxi- 
mately  equal  to  10°.  As  a  result  of  this  the  advan- 
tage  comes  about  that  interfering  light,  such  as 
sunlight,  can  virtually  not  penetrate  the  receiver.  As 
a  result  of  this  the  transmit/receive  unit  can  also  be 
installed  in  an  inverted  position  with  respect  to  the 
manner  indicated  in  Figure  2. 

Figure  3  shows  a  simple  block  diagram  of  the 
horizontal  infra-red  communication  system.  On  the 
lefthand  side  in  the  diagram,  five  transmit/receive 
units  4  are  shown  which  are  permanently  mounted 

on  masts  in  the  particular  area  and  which  are 
connected  to  a  modular  interface  unit  20  which  is 
then  connected  to  the  control  computer  21.  Said 
control  computer  is  connected  to  a  main  computer 

5  26  in  the  central  post.  On  the  righthand  side  in.  the 
diagram  a  transmit/receive  unit  4  mounted  on  a 
vehicle  1  is  shown.  Said  unit  4  is  connected  via  an 
interface  unit  22  to  the  vehicle  computer  23  which 
is  further  provided  with  a  display  unit  25  and  a 

w  keyboard  input  unit  24.  The  circuits  required  for 
controlling  the  transmitting  diodes  are  accomodat- 
ed  directly  in  each  transmit  platform  of  the  tubular 
transmit/receive  unit,  while  the  supply  of  the  trans- 
mitting  diodes  and  of  the  receiving  diodes  may  be 

75  provided  directly  beneath  the  transmit/receive  unit 
or  at  a  distance.  The  fixed  transmit/receive  units, 
which  may  be  mounted  on  existing  lighting  masts 
or  on  a  quasi-fixed  object  such  as  a  fork-lift  truck, 
are  supplied  from  the  existing  220  V  AC  mains  or 

20  the  12  V  AC  of  the  fork-lift  truck.  The 
transmit/receive  units  on  the  vehicle  are  supplied 
from  the  voltage  present  in  the.  vehicle  which  is 
equal  to  24  V  DC.  A  250  W  supply  circuit  which 
can  be  energized  both  with  220  V  AC  and  with  15 

25  tot  34  V  DC  has  been  developed  specially  for  the 
transmit/receive  unit. 

The  connection  between  the  fixed 
transmit/receive  units  and  the  interface  unit  20 
shown  in  Figure  3  is  formed  by  two  times  two 

30  twisted  cores,  the  maximum  length  of  which  is 
2000  m.  The  modular  interface  unit  20  is  con- 
nected  with  the  control  computer  21  via  a  parallel 
busline.  Said  control  computer  regulates  the  data 
flow  between  the  main  computer  26  and  the  oper- 

35  ational  vehicles  1  . 
An  example  of  the  data  exchange  during  the 

regulation  of  traffic  is  given  below.  The  main  com- 
puter  gives  a  particular  assignment  for  a  particular 
vehicle  to  the  control  computer.  The  latter  traces 

40  the  vehicle  concerned  according  to  a  particular 
protocol  and-  transmits  the  assignment  concerned. 
The  driver  in  the  vehicle  performs  said  assignment 
and  then  messages  back  the  manner  in  which  the 
assignment  has  been  fulfilled.  The  control  com- 

45  puter  then  transmits  these  data  to  the  main  com- 
puter.  The  time  duration  of  transmitting  and  receiv- 
ing  is  only  a  few  tenths  of  a  millisecond.  The 
assignment  delivered  by  the  main  computer  is  in- 
dicated  on  the  display  unit  in  the  vehicle.  The 

so  performance  of  the  assignment  concerned  is  keyed 
in  after  performance  and  the  complete  item  is  then 

.  sent  back  to  the  main  computer. 
The  system  of  conventions  by  which  the  com- 

munication  between  the  fixed  posts  and  the  mobile 
55  posts  is  regulated  consists  of  a  protocol.  In  this 

case,  in  particular,  where  the  range  of  the  transmit- 
ters  and  receivers  is  so  large  that  a  transmitter  can 
be  detected  by  several  receivers,  clear  require- 
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ceive  platform  and  the  distribution  thereof  over  the 
separate  branches  may  be  altered  in  accordance 
with  the  application. 

ments  must  be  imposed  on  the  protocol  since 
chaos  would  otherwise  result.  Since  the  degree  of 
capacity  utilization  of  such  a  communication  sys- 
tem  is  in  fact  relatively  low,  for  example  two  mes- 
sage  transmissions  per  minute,  a  solution  based  on 
"interrogation"  has  been  chosen.  For  this  interroga- 
tion,  the  initiative  for  establishing  the  connection 
lies  wholly  with  the  control  computer.  The  protocol 
used  in  this  case  breaks  down  into  two  parts:  an 
outgoing  transmitted  message  to  a  vehicle  and  a 
response  or  returning  message  from  the  vehicle.  It 
is  also  possible  in  the  case  of  interrogation  to 
establish  a  matrix  in  which  it  is  determined  which 
transmitter/receiver  of  a  particular  vehicle  is  the 
one  most  affected.  By  arranging  for  each  interroga- 
tion  sequence  to  start  with  said  transmitter/receiver, 
it  is  possible  to  accelerate  the  tracing  of  the  par- 
ticular  vehicle. 

A  semiduplex  communication  is  achieved  with 
the  abovementioned  infra-red  communication  sys- 
tem,  transmission  and  reception  therefore  taking 
place  alternately. 

Figure  4  shows  a  block  diagram  of  the  supply 
circuit  of  a  transmit  platform.  A  positive  flank  edge, 
which  is  then  converted  at  the  jaytput  into  a  pulse 
of  1.8  usec,  is  fed  to  the  "in"  input  of  a  mon- 
ovibrator  74121.  Said  pulse  is  then  amplified  by  a 
trigger  circuit  of  the  type  HA  4905  and  transmitted 
to  the  emitter  follower  BC  877.  To  said  emitter 
follower,  which  has  a  very  low  output  impedance, 
there  are  connected  thirty  two  driving  stages  which 
each  separately  contain  twelve  diodes  of  the  type 
SFH  484.  Each  driving  stage  consumes  approxi- 
mately  2  A  so  that  the  peak  current  per  transmit 
platform  is  64  A. 

Figure  5  shows  the  diagram  of  the  receive 
amplifier  circuit  of  the  receive  platform.  The  recep- 
tion  is  provided  by  a  grouping  of  sixty  one 
photodiodes  of  the  type  BP  1  04.  The  photocurrent 
of  said  photodiodes  passes  through  a  very  low- 
impedance  inductance  of  approximately  1  0  mH  and 
is  damped  to  form  an  aperiodic  signal  by  means  of 
the  1500  ohm  trimmer  potentiometer.  The  signal 
thus  obtained  is  amplified  in  the  instrumentation 
amplifier  type  524  and  fed  to  a  HA  4905  trigger 
circuit.  Said  circuit  is  biased  by  a  resistor  network 
with  a  voltage  of  50  mV.  Pulses  which  are  larger 
than  said  50  mV  result  in  an  outgoing  pulse  which 
is  fed  via  the  cable  to  the  digital  interface.  Here  the 
pulses  are  assembled  to  form  characters  which  are 
processed  in  the  computer. 

The  communication  system  and 
transmit/receive  unit  described  above  can  also  be 
used  with  advantage  in  harbour  areas,  warehouses, 
freight  terminals  etc.  It  is  obvious  that  modifications 
can  be  made  within  the  scope  of  the  invention.  The 
number  of  diodes  in  the  transmit  platform  or  re- 

Claims 

1.  Infra-red  communication  system  in  which 
messages  in  the  form  of  pulse-coded  data  signals 

io  are  transmitted  and  exchanged  between 
transmit/receive  units  which  are  each  provided  with 
infra-red  light-emitting  elements  and  infra-red  light- 
sensitive  photoelements,  the  message  transmission 
being  used  for  controlling  vehicle  movements  in- 

75  tended  for  transporting  goods  or  personnel  in  a 
particular  area,  to  which  end  such  a 

@  transmit/receive  unit  with  an  associated  data-input 
and  read-out  unit  for  the  purpose  of  the  control  is 
provided  on  each  vehicle  which  can  be  controlled 

_?o  in  direction  and  speed  and  one  or  more  perma- 
nently  installed  such  transmit/receive  units  are  pro- 
vided  in  the  area  itself,  characterized  in  that  the 
system  is  embodied  for  omnidirectional  transmis- 
sion  mainly  in  the  horizontal  direction,  to  which  end 

25  the  vehicle  transmit/receive  units  are  in  each  case 
mounted  on  top  of  or  underneath  a  vehicle  and  the 
permanently  installed  transmit/receive  units  are  ac- 
cordingly  provided  above  the  ground,  and  in  that 
each  transmit/receive  unit  consists  of  a  transparent 

30  tube  to  be  installed  vertically  which  is  provided  with 
at  least  one  transmit  platform  with  a  large  number 
of  light-emitting  diodes  and  one  receive  platform 
with  one  or  more  photodetectors  for  transmitting 
and  receiving  omnidirectionally  in  the  horizontal 

35  direction. 
2.  Infra-red  transmit/receive  unit  as  mentioned 

in  the  infra-red  communication  system  according  to 
claim  1  ,  in  which  the  horizontal  transmit  platform  in 
the  said  transparent  tube  contains  a  disc  on  which 

40  the  light-emitting  diodes  are  mounted  around  the 
centre  in  a  manner  such  that  they  radiate  in  the 
vertical  direction,  and  a  conical  45°  reflector  which 
extends  from  the  centre  of  the  disc  and  whose  axis 
coincides  with  the  tube  axis,  and  in  which  the 

45  horizontal  receive  platform  in  the  said  transparent 
tube  contains  a  truncated  conical  45°  reflector  and 
a  parabolic  reflector  situated  opposite  it,  the  axis  of 
the  cone  and  the  axis  of  the  parabola  coinciding 
with  the  tube  axis,  and  the  photodetectors  on  the 

so  top  face  of  the  conical  reflector  being  mounted  in  a 
manner  such  that  their  photosensitive  surfaces  are 
directed  towards  the  parabolic  reflector. 

3.  Infra-red  transmit/receive  unit  according  to 
claim  2,  characterized  in  that  a  number,  such  as 

55  three,  of  transmit  platforms  are  provided  one  above 
the  other  in  the  transparent  tube  in  a  manner  such 
that  the  light-emitting  diodes  radiate  upwards,  and 
in  that  the  receive  platform  is  situated  above  the 
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.  uppermost  transmit  platform  in  a  manner  such  that 
the  parabolic  reflector  forms  the  top  of  the  trans- 
parent  tube. 
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