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  1. Introduction 
 The  purpose  of  this  document  is  to  give  guidelines  for  installation,  use  and  integration  of 
 the  Terabee  Robot  Positioning  System.  The  user  manual  includes  a  quick  setup  guide  to 
 show the user how to easily configure Terabee Robot Positioning System devices. 

 1.1. Symbols explanation 
 The following symbols are used within the document: 

 This  symbol  indicates  specific  recommendations  in  order  to  run  the  device  in  the 
 intended way. 

 1.2. About Terabee Robot Positioning System 
 Terabee  presents  the  new  real-time  locating  system  for  mobile  platforms.  The  system  is 
 based  on  the  DWM1001C  UWB  radio  frequency  module  which  is  optimized  to  operate  on 
 UWB  CH5  band.  The  system  consist  of  preconfigured  devices  including:  anchor  modules 
 (one  initiator  anchor  and  three  normal  anchors),  to  be  installed  on  any  fixed  indoor 
 structure, and a tracker module, to be mounted on mobile platform. 

 If  the  Terabee  Robot  Positioning  System  is  integrated  as  a  submodule,  in 
 accordance  with  FCC/CANADA/IEC  regulations,  a  label  must  be  affixed  to  the 
 system  case  stating  "Contains  an  FCC  transmitter  module  ID:  2AQ33-DWM1001, 
 IC: 23794 -DWM1001, CE" on the visible side. 

 The  system  outputs  real-time  tracker  position  data,  fixed  positions  of  anchors  that  are 
 currently  ranging  to  a  tracker  and  a  list  of  distances  between  ranging  anchors  and  the 
 tracker. 

 It  is  designed  for  industrial  environments  with  following  certifications:  CE,  RoHS,  IP65 
 (when  back-panel  mounted)  and  vibration  and  shock  resistance.  Currently  the  certification 
 process is on-going. 

 It  takes  a  couple  of  minutes  to  set  up  the  system  and  to  obtain  tracker  position  output  on  a 
 PC thanks to the graphical user interface developed by Terabee (see Section 4) 

 1.3. Technical specifications 
 Please refer to the  Terabee Robot Positioning System  Specification Sheet  for details. 
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 2. Package contents 
 ●  4 anchors 
 ●  1 tracker 
 ●  4 mounting brackets 
 ●  1 USB/RS232 communication cable, 1.8-meter long 
 ●  4 USB/Molex header power cable, 3-meter long 

 3. Operation principle 
 Terabee  Robot  Positioning  System,  makes  use  of  radio  frequency  signals  to  estimate  the 
 relative  distance  between  each  anchor  and  tracker  in  the  system.  Minimum  of  4  anchors 
 are  required  to  calculate  a  tracker  position  in  three  dimensions  (x,  y,  z)  with  optimal 
 performance. 

 Users  activate  the  system  by  first  configuring  at  least  four  anchors,  where  one  anchor 
 becomes  an  initiator  anchor,  and  3  remaining  anchors  become  normal  anchors.  Users  can 
 choose one of two available anchor positioning modes: 

 ●  Manual  anchor  positioning  mode  -  each  anchor  position  is  manually  configured 
 by the user. 

 ●  Auto  anchor  positioning  mode  -  each  anchor  position  is  determined  by  the 
 system. 

 Finally,  the  user  configures  the  remaining  device  as  a  tracker,  that  receives  signals  from 
 the anchors and calculates a 3D real - time position. 
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 Figure 1 - Operation principle 
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 4.   Graphical User Interface 
 A  Graphical  User  Interface  (GUI)  is  available  online  for  Windows  and  Linux  Ubuntu, 
 providing  an  easy  way  to  visualize  positioning  data  as  well  as  modifying  the  configuration 
 of  the  Terabee  Robot  Positioning  System.  This  can  be  done  via  RS232-USB  converter  cable 
 available  in  the  kit,  both  for  anchor  and  tracker  devices.  It  is  useful  for  demonstration  or 
 testing  purposes  as  well  as  when  setting  parameters  of  the  device  before  integration  into 
 the target application. 

 The  Terabee  Robot  Positioning  System  GUI  is  available  for  download  under  the 
 “Downloads” section of the  Terabee Robot Positioning  System User product page  . 

 4.1. Prerequisites 
 For  Windows  7  and  Windows  8,  please  download  the  Virtual  COM  Port  driver  from 
 http://www.st.com/en/development-tools/stsw-stm32102.html  and  follow  the  ReadMe  file 
 instructions  given  by  the  installer.  After  successful  installation,  if  the  device  (anchor  or 
 tracker)  was  connected,  unplug  it  for  a  few  seconds  and  plug  it  in  again.  The  Virtual  COM 
 port should now be available on your PC. 

 Users  of  Windows  10  do  not  need  to  download  this  driver  as  the  built-in 
 Windows driver is recommended 

 4.2. Basic operation with the GUI 
 Please  connect  the  device  to  the  computer  via  provided  USB-RS232  converter  cable.  Open 
 the  GUI  and  select  the  appropriate  COM  port  before  opening  the  connection  (1.).  You  will 
 see  a  message  about  successful  connection  in  the  main  window  status  bar.  Upon 
 connection,  “Tracker  output”  will  be  disabled  to  ensure  smooth  configuration  of  the  device. 
 The  available  configuration  options  will  differ  depending  on  the  connected  device  (anchor 
 or tracker), as shown in  Figure 3  and  Figure 4  . 
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 4.2.1. Common parameters 

 Figure 2 - Terabee Robot Positioning System GUI 

 1.  Port 
 Allows to select which port device is connected. 

 2.  Device Type 
 Determines if the device will function in the network as anchor or tracker 
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 4.2.2. Anchor specific parameters 
 Device configured as anchor can update the corresponding parameters: 

 Figure 3 - Terabee Robot Positioning System GUI main window with 
 anchor device connected 

 3.  Initiator anchor 
 Allows setting the anchor as initiator. 

 4.  Auto anchor positioning mode 
 Activating  this  mode  enables  anchors  to  start  distance  ranging  to  each  other  and 
 calculate  their  position  automatically  after  power  up.  Procedure  is  performed  only 
 once,  after  restart  of  the  devices.  To  repeat  the  procedure,  the  user  needs  to  set  all 
 anchor  positions  back  to  (0,  0,  0).  When  deactivated,  each  anchor  position  needs  to 
 be configured manually. 

 5.  LED enabled 
 Enables the device LED signalling for debugging purposes. 
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 6.  Network label 
 Assign  each  device  an  identifier  to  create  UWB  sub  networks.  The  purpose  of  using 
 the  multiple  network  label  as  described  in  the  sub-networking  is  to  extend  the 
 coverage of the radio frequency area by implementing more devices. 

 7.  Network ID 
 Determines  the  identification  of  the  UWB  network  that  is  used  to  implement 
 multiple  isolated  networks  in  the  same  environment.  Devices  on  one  network 
 cannot  receive  and  send  UWB  messages  to  another  network  with  different  network 
 IDs. 

 8.  Device priority 
 Determines  device  priority  inside  UWB  network.  In  the  case  of  auto  anchor 
 positioning,  this  parameter  can  be  used  to  give  priority  to  anchors  to  set  up  the 
 UWB  network.  In  manual  anchor  mode  configuration  or  when  the  device  is 
 configured  as  tracker  device  priority  is  optional,  however  it  is  strongly 
 recommended  to  assign  device  priority  to  be  able  to  recognize  each  individual 
 tracker or anchor. 

 9.  Anchor position 
 Consists  of  three  different  values  corresponding  to  the  x,  y  and  z  axes  positions  of 
 each device. This option sets anchor position in manual positioning mode. 

 10.  Anchor height 
 In  auto  anchor  positioning  mode  coordinates  x,  y  and  z  must  be  set  to  zero  in  order 
 to  trigger  the  procedure.  This  parameter  can  be  used  to  set  the  specific  height  for 
 the first 3 anchors (anchor 0 , 1 and 2) in auto anchor positioning mode. 

 11.  Restart device 
 Restarts device 
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 4.2.3. Tracker specific parameters 

 Figure 4 - Terabee Robot Positioning System GUI main window with 
 tracker device connected 

 3.  LED Enabled 
 Enables the device LED signalling for debugging purposes. 

 4.  Network Label 
 Assign  each  device  an  identifier  to  create  UWB  sub  networks.  The  purpose  of  using 
 the  multiple  network  labels  as  described  in  the  sub-networking  is  to  extend  the 
 coverage of the radio frequency area by implementing more devices. 

 5.  Network ID 
 Determines  the  identification  of  the  UWB  network  that  is  used  to  implement 
 multiple  isolated  networks  in  the  same  environment.  Devices  on  one  network 
 cannot  receive  and  send  UWB  messages  to  another  network  with  different  network 
 IDs. 
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 6.  Device priority 
 Determines  device  priority  inside  UWB  network.  In  the  case  of  auto  anchor 
 positioning,  this  parameter  can  be  used  to  give  priority  to  anchors  to  set  up  the 
 UWB  network.  In  manual  anchor  mode  configuration  or  when  the  device  is 
 configured  as  tracker  device  priority  is  optional,  however  it  is  strongly 
 recommended  to  assign  device  priority  to  be  able  to  recognize  each  individual 
 tracker or anchor. 

 7.  Tracker output 
 Upon  connection,  “Tracker  output”  will  be  disabled  to  ensure  smooth  configuration 
 of  the  device.  Streaming  should  be  enabled  once  the  user  finishes  configuring  the 
 device. 

 There are two different modes defined for the tracker output streaming: 

 a.  short  message  type  which  consists  of  timestamp  and  device  position  values 
 of the tracker 

 b.  long  message  type  which  contains  additional  information  about  the  anchors 
 currently  ranging  with  the  tracker.  This  additional  information  covers  the  ID 
 of  the  anchors,  their  position  and  the  ranging  distance  from  each  of  them  to 
 the tracker. 

 8.  Network update time 
 Determines  the  position  update  time  (given  in  multiples  of  100  ms)  for  trackers  in 
 the  network.  Increasing  the  update  time  will  increase  the  capacity  of  trackers  in  the 
 network. 

 9.  Restart device 
 Restarts device 

 10.  Show live positions 
 Live preview of tracker and anchors can be enabled if tracker output is activated. 

 Output  of  the  system  is  in  the  form  of  tracker  3D  position  (millimeters  resolution).  In  case 
 the system is unable to calculate tracker position, it will be set to not available (N/A). 

 If  the  tracker  is  connected  and  configured  to  output  a  long  message  frame  ,  it  is  possible  to 
 preview live positions of anchors ranging with the tracker. 

 Parameters  are  written  to  the  device  on-the-fly  when  changed  in  the  GUI  (message  on 
 successful  or  failed  setting  shows  up  in  the  status  bar).  Note  that  the  tracker  output  is 
 being  disabled  on  each  connection  to  the  device  to  prevent  glitches  in  configuration  while 
 the tracker is streaming. All parameters are stored in non-volatile memory on the device. 
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 5.   Mechanical integration 
 5.1. Mechanical design and mounting 
 The  Terabee  Robot  Positioning  System  uses  ABS  housings  with  aluminium  lids  in  the 
 bottom  part  of  the  device.  Each  lid  has  three  curved  slots  for  M4  screws.  Figure  5  illustrates 
 the external dimensions of the system. 

 Figure 5 - Terabee Robot Positioning System overall dimensions – Anchor and Tracker 
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 5.2. Mounting solutions 
 Three mounting options are available for the anchor and tracker : 

 1.  Front-panel  mounting,  screwing  the  lid  directly  to  the  panel.  This  solution  provides 
 easy attachment for rapid evaluation of the system. 

 Figure 6 - Front-panel mounting 

 2.  Back-panel  mounting  with  an  O-ring  providing  a  sealed  connection  between 
 the  panel  and  the  anchor  or  tracker  device  creates  a  more  discreet 
 installation. 
 Device  mounted  behind  a  surface  (e.g.  panel),  and  thanks  to  the  sealing,  enables 
 use in applications that require IP65 protection. 

 Figure 7 - Back-panel mounting 

 3.  Bracket mounting to fix module on a tripod or fixed structure such as indoor walls 
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 Figure 8 - Bracket mounting 

 During assembly and integration, please observe  all common ESD precautions. 

 For more recommendations concerning integration, refer to section  Quick guide for 
 setup  . 

 5.3. Connectors and indicators 

 Terabee Robot Positioning System Module: 
 1.  Connection between anchor or tracker device Molex MicroFit 3.0 connector 

 2.  Ranging indicator LED 

 Figure 9 - Device Connector and Indicator 
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 6.   Visual notifications 
 In the top part of each device, one tri-color ranging/status indicator is available. 

 6.1. Normal operation 
 Table 1 - LED indicator - normal operation 

 LED designator  Sequence  Description 

 Device status LED  LED blinks in  Blue  ,  Red  and  Device startup and working 
 Green  one time  properly 
 LED blinks once in  Green  on  Device configuration 
 UART activity  successful 

 Ranging indicator 
 LED (anchor or 
 tracker) 

 LED blinks in  Blue  (Anchor 
 only) 

 LED blinks fast in White 
 (Tracker only) 

 LED blinks fast in  Green 
 (Tracker only) 

 Auto anchor positioning in 
 progress 

 Anchors ranging messages 
 received 

 Terabee Robot Positioning 
 System Position is ready 

 Power indicator LED  Continuous  Green  Device working properly 

 6.2. Error messages and troubleshooting 
 Table 2 - LED indicator - error cases 

 LED designator  Sequence  Signification  Corrective actions 

 Device status 
 LED 

 Steady LED in  Red  Device initialization 
 error 

 Reset Hardware/ if 
 repeated change 
 hardware 

 LED blinks once in  Red 
 on UART activity 

 Device configuration 
 error 

 Reset Hardware/check 
 UART cabling and 
 repeat messaging 

 LED blinks fast or 
 steady  Blue  (Anchor 
 only) 

 Anchor positioning 
 unsuccessful 

 Change anchor 
 position 
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 7.   Connecting to a computer 
 7.1. Connection parameters 
 These are the parameters to set up serial connection on the host computer: 

 Baud rate  : 115200 
 bit/s Data bits  8 
 Stop bits  1 
 Parity  : None 

 7.2. Windows OS, Linux OS 
 In  Windows  and  Linux  it  is  possible  to  use  terminal  emulation  software  to  display  the  data 
 and  configure  the  device.  Terabee  recommends  using  HTerm  software.  In  order  to 
 download  the  software,  please  navigate  to  the  following  link: 
 http://www.der-hammer.info/terminal/  and select the  file appropriate for your platform. 
 Tested with version 0.8.5 on Linux x64 and Windows 10 x64 platforms. 

 When  using  Windows,  extract  the  downloaded  zip  file  to  the  selected  folder,  open  it  and 
 double click on the “HTerm.exe” file. 

 When  using  Linux,  extract  the  downloaded  tgz  file  to  the  selected  folder,  make  sure  that 
 you  have  execution  permission  for  the  file  “hterm”  (command:  chmod  u+x  hterm  ),  double 
 click on the “hterm” file or run it from terminal while in its directory:  ./hterm  . 

 In  Linux  Ubuntu,  consider  removing  the  modemmanager  package  if  you  are  sure 
 that  it  is  not  required  by  your  system  setup.  This  will  shorten  the  initialization  time 
 of the serial devices in Linux system: 

 sudo apt purge modemmanager 

 To  configure  the  devices,  connect  one  device  at  a  time  to  the  PC  through  a  USB  cable 
 provided  with  the  system.  USB  to  RS232  converter  is  embedded  inside  the  cable  (USB 
 stick). 
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 Figure 10 - USB/RS232 communication cable 

 Connect  the  Terabee  Robot  Positioning  System  device  to  the  computer  and  select  the 
 corresponding port (click “R” button to refresh the port list) and connection parameters. 

 To  improve  data  readability  in  text  mode,  select  the  “LF”  option  from  the  “Newline  at” 
 drop-down field. See  Figure 11  below for visual instructions. 

 Figure 11 - HTerm parameters for Terabee Robot Positioning System 

 Once  the  USB  port  is  selected  and  the  parameters  correctly  set,  click  on  the  “Connect” 
 button. Now you can send commands and receive data from the system. 
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 Figure 12 - Data stream on HTerm software 

 Send  a  command  in  hexadecimal  format  to  communicate  with  the  device  through  terminal 
 emulation  software.  Make  sure  the  “Hex”  checkbox  is  selected  (checked)  and  the  “Type” 
 field  has  “HEX”  as  an  option  selected  (  Figure  12  ).  Please  refer  to  the  next  section: 
 Communication protocol  to see all the available commands. 
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 8.   Communication protocol 
 Please  refer  to  the  section  Connecting  to  a  computer  for  instructions  on  how  to  send 
 commands  to  Terabee  Robot  Positioning  System  using  a  host  computer  and  HTerm 
 emulation software. 

 8.1. List of commands 
 Table 3 - List of commands for Terabee Robot Positioning System 

 Command (HEX)  Command description 

 99 99 9A  Restart the module 

 91 DF E7  Print device information 

 00 [UU] [LL] [CRC8]  Anchor mode and device priority number 
 for auto anchor positioning mode 
 UU LL contains a 2-byte priority number in a range 
 from 0 to 31 in HEX format 
 In auto anchor positioning mode, anchor with 
 priority 0 should be configured as initiator. 

 02 [UU] [LL] [CRC8]  Network label 
 UU  LL  contains  a  2-byte  number  in  HEX  format. 
 Expanding  same  UWB  network  by  adding  extra 
 devices with different labels 

 03 [UU] [LL] [CRC8]  Network ID 
 UU LL contains a 2-byte number in HEX format. 
 Implementing an isolated UWB network in the same 
 environment. 

 04 [UU] [LL] [CRC8]  Network update time 
 UU  LL  contains  a  number  in  a  range  from  1  to  600  in 
 HEX format 
 Number represents multiples of 100ms. 
 1:  corresponds  to  10Hz  update  rate  (every  100ms) 
 600:  corresponds  to  0.016Hz  update  rate  (every  1 
 minute) 
 This parameter only affects trackers. 

 05 01 46 
 05 00 41 

 Auto anchor positioning mode 
 M: 
 1  →  Enabled 
 0  →  Disabled 
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 06 [X_B3] [X_B2] [X_B1] [X_B0] 

 [Y_B3] [Y_B2] [Y_B1] [Y_B0] 
 [Z_B3] [Z_B2] [Z_B1] [Z_B0] 
 [CRC8] 

 Device position 

 Each coordinate is four bytes 

 07 01 6C 

 07 00 6B 

 Anchor initiator mode 
 If  this  mode  is  activated,  an  anchor  can  become  a 
 reserved  initiator  in  a  single  UWB  network  and  take 
 control  of  the  UWB  network,  if  the  first  initiator  is 
 deactivated.  Each  UWB  sub  network  should  have 
 one Initiator. 

 M: 

 1  →  Enabled 
 0  →  Disabled 

 08 [Z_B3] [Z_B2] [Z_B1] [Z_B0] 
 [CRC8] 

 Anchor z-axis value for auto anchor position 

 Z value is four bytes 

 09 01 BA 

 09 00 BD 

 Tracker message mode 

 M: 
 1  →  Long  mode 
 0  →  Short mode 

 10 01 50 

 10 00 57 

 Device LED mode 

 M: 

 1  →  Enabled 

 0  →  Disabled 

 11 01 45 

 11 00 42 

 Tracker output data stream mode 

 M: 

 1  →  Enabled 

 0  →  Disabled 

 Each  command  message  frame  must  be  transmitted  in  a  continuous  stream,  i.e. 
 not byte by byte 

 It  is  advised  to  maintain  a  time  interval  of  at  least  200ms  between  two  messages 
 for  proper  command  registration  and  checking  ACK  or  response  before  sending 
 the next command 
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 8.1.1. Response to command (ACK/NACK) 

 In  response  to  commands  (except  Device  information  which  returns  ASCII  data  followed  by 
 acknowledgement),  the  system  will  send  one  of  the  acknowledgement  responses  listed 
 below: 

 Table 4 - Acknowledgement responses 

 Response (HEX)  Description 

 99 00 5C 0D 0A 
 99 FF AF 0D 0A 

 0x00 corresponds to ACK (acknowledged) 
 0xFF corresponds to NACK (not acknowledged) 

 8.1.2. Device information 

 Device information response takes the following form: 

 8.1.3. Position stream from tracker 

 Long Message format: 

 Timestamp  Anchor 
 number 

 Anchor ID  Anchor 
 Position X 

 Anchor 
 Position Y 

 Anchor 
 Position Z 

 Ranging 
 Distanc 
 e 

 ...  Tracker 
 Position X 

 Tracker 
 Position Y 

 Tracker 
 Positio 
 n Z 

 Figure 13 - Tracker long message format 
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 Anchor  section,  can  take  up  to  four  entries,  and  indicates  all  the  anchors  the  tracker  is 
 ranging with. 

 Figure 14 - Tracker long message format example (tracker output in presence of four anchors) 

 Short message format: 

 Timestamp  Tracker 
 Positio 
 n X 

 Tracker 
 Position 
 Y 

 Tracker 
 Position 
 Z 

 Figure 15 - Tracker short message format 

 Figure 16 - Tracker short message format example 
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 9.   Setup Terabee Robot Positioning System 
 Users  have  freedom  to  configure  each  device  as  an  anchor  or  a  tracker  and  assign  priority 
 to  each  of  them.  Anchor’s  priority  has  to  start  from  0  (for  initiator  anchor)  up  to  31. 
 Network  and  tracker  priority  has  to  start  from  0  to  14  for  each  network  in  case  of  minimum 
 update  time  chosen  which  is  100ms.  If  users  choose  a  bigger  value  for  network  update 
 time,  the  number  of  trackers  will  be  increased.  The  maximum  possible  value  for  the 
 network  update  time  is  60000  milliseconds  (1  minute).  In  this  case  the  network  can  support 
 up to 6000 trackers. 

 The  simplest  Terabee  Robot  Positioning  System  consists  of  a  minimum  4  anchors  and  1 
 tracker.  Trackers  can  provide  position  by  a  minimum  of  3  anchors,  but  it's  strongly 
 recommended  to  use  4  anchors  in  order  to  obtain  better  accuracy.  Note  that  one  of  the 
 anchors  must  be  configured  as  an  initiator  that  controls  the  system.  It’s  recommended 
 to  set  as  initiator  the  anchor  with  priority  number  0,  but  other  anchors  can  be  configured 
 as backup initiators too. 

 9.1.  Setup  modes  for  anchors  in  the  Terabee  Robot 
 Positioning System network 

 To setup Terabee Robot Positioning System network, user has two choices: 

 1)  Manual  anchor  setup:  where  users  have  to  measure  and  calculate  each  anchor 
 position by geometrical calculation and set position values via serial interface. 

 2)  Dynamic  auto  anchor  positioning  where  the  user  initiates  the  process  by 
 enabling  appropriate  setting  and  configure  position  of  each  anchor  to  (0,0,0)  - 
 anchors  start  ranging  between  each  other  to  measure  their  relative  distances  and 
 calculate positions in the setup frame. 

 Term  dynamic  comes  from  a  method  of  ranging  anchors  with  priority  values  of  3  and 
 above  which  can  be  re-setup  inside  the  network  whilst  the  other  anchors  and  trackers  are 
 running.  Therefore  to  set  up  the  Terabee  Robot  Positioning  System  in  auto  anchor 
 positioning  mode  users  need  to  prepare  first  3  anchors  to  range  to  each  other  and  form  a 
 network.  After  setting  up  a  network  in  auto  anchor  positioning  mode  by  using  initiator 
 (priority  value  0),  first  and  second  anchor.  Third  anchor  and  above  can  join  the  network 
 anytime. 

 When  using  dynamic  auto  anchor  positioning,  z  value  (altitude)  of  first  3  devices  can  be  set 
 to  zero  (anchor  0,  1  and  2)  and  assume  all  anchors  have  been  placed  in  the  same 
 horizontal plane as ground plane or assign different height (z value) to each anchor 
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 If  the  system  is  configured  to  work  in  dynamic  auto  anchor  positioning  mode, 
 the  first  three  anchors  (initiator,  priority  1  and  2)  must  be  positioned  at  the  same 
 height. 

 Once  dynamic  auto  anchor  positioning  is  completed,  the  user  should  not 
 manipulate  the  calculated  position  values  of  the  anchors  with  a  priority  number 
 of 3 or above, especially setting any value to zero. 

 To  properly  configure  the  Terabee  Robot  Positioning  System,  please  follow  the  instructions 
 below.  Users  are  recommended  to  read  the  section  Connecting  to  a  computer  on 
 preparing  serial  port  communication  between  the  Terabee  Robot  Positioning  System 
 devices and PCs: 

 1.  Configure the Initiator anchor  (  Step 1  ) 
 2.  Configure remaining anchors  (  Step 2  ) 
 3.  Configure the Trackers  (  Step 3  ) 

 9.1.1. Initiator anchor configuration (Step 1) 
 After connecting device to the PC, enter following API commands sequentially: 

 Step  Command  Description 

 1  91 DF E7  Print out configuration table (check availability of user 
 configuration mode) 

 2  00 00 00 00  Set device to anchor mode with priority to  0 

 3  
 2
 02 XX XX CRC8  Assign a label to the device (where XX XX represents a 

 4-byte device label. please read  Terabee Robot 
 Positioning System Sub-networking  ) 

 4  
 3
 03 XX XX CRC8  Assign network ID to the device (where XX XX represents 

 a 4-byte network ID, please read  Terabee Robot 
 Positioning System Sub-networking  ) 

 5  
 
 07 01 6C  Activate initator ability for this anchor (only for initiator 

 anchor) 

 6  
 
 10 01 50  Activate device LEDs 

 Auto anchor positioning mode 

 7  05 01 46  Activate the dynamic auto anchor positioning mode 

 8  06 00 00 00 00 00  While using auto anchor positioning mode, this 

 Copyright © Terabee 2023 
 Terabee, 90 rue Henri Fabre 
 01630 Saint-Genis-Pouilly, France (next to CERN) 

 Terabee Robot Positioning System 
 User manual 



 00 00 00 00 00 00 
 00 71 

 command resets device position every time the 
 system is re-configured to auto anchor positioning 
 mode. This procedure is mandatory for the first 3 
 anchors (position needs to be reset to 0) in order for 
 auto anchor positioning to be performed correctly. 

 9  08 XX XX XX XX 
 CRC8 

 Assign specific z value (altitude) to the first 3 devices 
 (only in auto anchor positioning mode). Where (  XX  XX 
 XX XX  ) defines 4 bytes integer in HEX format - altitude 
 in millimeters (e.g. 08  00 00 09 C4  F6) which 
 configures anchor (z axis) to 2.5 meters altitude. 

 Manual anchor positioning mode 

 7  05 00 41  To activate manual anchor positioning 

 8  06 XX XX XX XX YY 

 YY YY YY ZZ ZZ ZZ 
 ZZ CRC8 

 To assign X, Y, Z value to each anchor, where each 4 
 bytes represent coordinates in mm for (x, y, z) 
 respectively. 

 1)  If anchor has been placed at: 
 x = 2.5 m, y = 4.5 m, z = 1.5 meters 
 corresponding frame will have the following 
 form 
 06 00 00 09 C4 00 00 11 94 00 00 00 05 DC 5B 

 2)  If anchor has been placed at: 
 x = 2000 mm, y = 4000 mm, z = 1500 mm 
 corresponding frame will have the following 
 form 
 06 00 00 07 D0 00 00 0F A0 00 00 05 DC FD 

 9  99 99 9A  Restart device to propagate the configuration 

 10  91 DF E7  Print device information in order to double check the 
 configuration 

 Now the device is configured as initiator anchor with priority number 0,and ready to 
 mount on its position. This anchor automatically manages the UWB network. 

 If anchors need to change into auto anchor positioning from manual positioning, 
 positions must be reset by sending the command below: 
 06 00 00 00 00 00 00 00 00 00 00 00 00 7 
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 9.1.2. Anchor configuration (Step 2) 
 After connecting device to the PC, enter following API commands sequentially: 

 Step  Command  Description 

 1  91 DF E7  Print out configuration table (check availability of user 
 configuration mode) 

 2  
 2
 00 XX XX CRC8  For anchor devices (where  XX XX  represents priority 

 value that ranges between 1 for the first anchor up to 
 31 in Hexadecimal format  (Note:  anchor priority 
 number is optional as device naming in manual mode) 

 3  
 2
 02 XX XX CRC8  Assign a label to the device (where  XX XX  represents  a 

 4-byte device label, please read  Terabee Robot 
 Positioning System Sub-networking  ) 

 4  
 3
 03 XX XX CRC8  Assign network ID to the device (where  XX XX 

 represents a 4-byte network ID, please read  Terabee 
 Robot Positioning System Sub-networking  ) 

 5  
 
 07 00 6B  Deactivate initiator ability for this anchor 

 6  
 
 10 01 50  Activate device LEDs 

 Auto anchor positioning mode 

 7  05 01 46  Activate the dynamic auto anchor positioning mode 

 8  06 00 00 00 00 00 
 00 00 00 00 00 00 
 00 71 

 While using auto anchor positioning mode, this 
 command resets device position every time the system 
 is re-configured to auto anchor positioning mode. This 
 procedure is mandatory for the first 3 anchors (position 
 needs to be reset to 0) in order for auto anchor 
 positioning to be performed correctly. 

 9  08 XX XX XX XX 
 CRC8 

 Assign specific z value (altitude) to the first 3 devices 
 (only in auto anchor positioning mode). Where (  XX  XX 
 XX XX  ) defines 4 bytes integer in HEX format - altitude 
 in millimeters (e.g. 08  00 00 09 C4  F6) which 
 configures anchor (z axis) to 2.5 meters altitude. 

 Manual anchor positioning mode 

 7  05 00 41  To activate manual anchor positioning 
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 8  06 XX XX XX XX YY 
 YY YY YY ZZ ZZ ZZ 
 ZZ CRC8 

 To assign X, Y, Z value to each anchor, where each 4 
 bytes represent coordinates in mm for (x, y, z) 
 respectively. 

 1)  If anchor has been placed at: 
 x = 2.5 m, y = 4.5 m, z = 1.5 meters 
 corresponding frame will have the following 
 form 
 06 00 00 09 C4 00 00 11 94 00 00 00 05 DC 5B 

 2)  If anchor has been placed at: 
 x = 2000 mm, y = 4000 mm, z = 1500 mm 
 corresponding frame will have the following 
 form 
 06 00 00 07 D0 00 00 0F A0 00 00 05 DC FD 

 9  99 99 9A  Restart device to validate the configuration 

 10  91 DF E7  Print device information in order to double check the 
 configuration 

 Now the anchor device is ready to mount on its position. 

 If anchors mode need to change into auto anchor positioning from manual 
 positioning, Device positions must be reset by sending the command below: 
 06 00 00 00 00 00 00 00 00 00 00 00 00 71 
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 9.1.3. Tracker configuration (Step 3) 
 After connecting tracker to the PC, enter following commands sequentially : 

 Step  Command  Description 

 1  91 DF E7  Print out configuration table (check availability of user 
 configuration mode) 

 2  01 XX XX CRC  Set  the  device  as  a  tracker  (where  XX  XX  defines  priority 
 values  that  range  from  0  for  the  first  tracker  up  to  14  in 
 Hexadecimal  format  where  XX  XX  assign  any  4-byte 
 arbitrary value or label to the tracker (optional) ). 

 1)  Ex.  01  00  01  6C  define  this  device  as  tracker  with 
 priority value set to 1 

 Note: with the minimum update time 100ms 
 network accepts up to 15 trackers 

 3  02 XX XX CRC8  Assign  a  label  to  the  device  (where  XX  XX  represent 
 device  label,  please  read  Terabee  Robot  Positioning 
 System sub-Networking  ) 

 4  03 XX XX CRC8  Assign network ID to the device (where XX XX 
 represents network ID, please read  Terabee Robot 
 Positioning System sub-Networking  ) 

 5  04 XX XX CRC8  Set  network  update  time  (where  XX  XX  represents 
 network  update  rate  value  in  HEX  formats.  Note:  for 
 setup  tracker  with  minimum  update  time  which  is 
 100ms,  API  command  should  be  generated  like  04  00  01 
 AC ) 

 6  10 01 50  Activate device LEDs 

 7  09 00 BD  Enable short message (only timestamp and tracker 
 position) 

 09 01 BA  Enable long message (timestamp, all anchors ID, 
 position, distance to tracker and tracker position) 

 8  11 01 45  Enable tracker output stream 

 9  99 99 9A  Restart device to validate the configuration 

 10  91 DF E7  Print device information in order to double check the 
 configuration 

 After resetting, Tracker is ready to join the network and print out the results. 

 Multiple trackers can operate with different update  time simultaneously  . 
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 9.2. Guidelines for installation 
 After device configuration, anchors must be setup on top of tripods or mounted near wall, 
 respecting the following recommendations: 

 1)  System  must  be  operated  inside  the  building  when  fixed  permanently.  Fixing 
 anchors  permanently  to  outdoor  structures  is  not  allowed  due  to  European  and 
 U.S.  regulations.  Refer  to  FCC  regulations  §15.517(3)  and  §15.519(2)  or  Article  3.2  of 
 the  Radio  Equipment  Directive.  For  other  regions,  please  consult  local  radio 
 frequency regulations. 

 Referring  to  Japan  Association  of  Radio  Industries  and  Businesses  (ARIB) 
 regulations  on  UWB  Operating  Frequency  band  (RERL,  Article  4.4),  Implementing 
 Terabee Robot Positioning system in Japan territory is  prohibited  . 

 2)  Anchors  must  be  placed  with  a  minimum  20cm  distance  from  any  object  such  as 
 concrete walls, metallic structures, etc. 

 3)  For  proper  operation,  there  should  be  no  obstacles  in  the  line  of  sight  between  the 
 devices  (e.g.  devices  mounted  internally  in  the  machine,  parts  of  the  machine 
 occluding the line of sight or shelves, pallets, big objects, human body, etc.) 

 4)  In  auto  anchor  positioning,  the  first  three  anchors  must  be  set  up  counter  clockwise 
 inside the area to form the correct X and Y axes. 

 5)  To  find  the  optimal  position  to  place  anchor  in  manual  mode  or  auto  anchor 
 positioning  mode,  check  RF  signal  attenuation/diffraction  and  potential  multipath 
 effect.  Run  one  tracker  and  initiator  anchor,  then  compare  the  difference  of  UWB 
 ranging  result  of  specific  anchor  to  the  real  distance  between  two  devices  (refer  to 
 Figure  17  below).  If  the  measurement  is  noisy,  try  locating  anchors  in  a  slightly 
 different  way  or  change  Network  setup  and/or  number  of  anchors  in  that  specific 
 area in case of signal fading. 
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 Figure 17 - Noisy (a) vs Noiseless (b) environment, impact on ranging accuracy. 

 6)  Avoid installing devices near any active electronic device such as PC, WiFi routers 
 etc. 

 7)  Avoid having other sources of Ultra wideband Channel 5 (6.49 GHz) radio-frequency 
 within the same working area. 

 8)  Optimal distance between any 2 anchors is up to 40 meters to further extend the 
 covered area, place more anchors. 

 9)  Do not place devices which are ranging to each closer than 30 cm. 

 10)  After  each  successful  auto  anchor  positioning  procedure,  data  position  of  anchors 
 will  be  stored  inside  memory  permanently  and  auto  positioning  procedure  will 
 become  deactivated  until  the  next  position  data  memory  erase.  To  change  the 
 anchor  device's  position,  make  sure  to  clean  the  last  stored  data  inside  the  memory 
 of anchors to activate the auto anchor positioning procedure. 

 11)  To  obtain  the  best  accuracy,  mount  devices  parallel  to  the  ground.  Anchor  antenna 
 face  should  be  oriented  to  have  Line  of  Sight  visibility  to  anchors  around  it  (e.g. 
 inside  the  geometric  square  or  rectangular  shape  area,  place  the  anchors  with  an 
 inclination of about 45 degrees from the x or y axis.) 
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 Figure 18 - Terabee Robot Positioning System anchors positioning 

 12)  Anchors  must  be  mounted  higher  than  trackers  functional  altitude  to  improve  z 
 axis accuracy and reduce RF signal attenuation. 

 13)  Please  make  sure  that  the  front  of  the  device  correctly  faces  the  navigation 
 workspace. Please note, the anchor’s LED is positioned at the back of the antenna. 

 Figure 19 - Terabee Robot Positioning System device enclosure 

 14)  This  system  is  designed  to  work  in  Line  of  Sight  condition.  Therefore  users  must 
 guarantee direct visibility of at least 4 anchors with the tracker. 
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 15)  Terabee  Robot  Positioning  System  automatically  checks  if  the  tracker  is  out  of  the 
 UWB  network  workspace  or  in  a  non  Line  of  Sight  condition.  In  such  cases  the 
 tracker might stop providing position results. 

 16)  It is not advised to put an additional cover on the devices. 

 17)  Be  aware  of  the  potential  for  decreased  accuracy  if  the  tracker  and  anchors  are  not 
 on the same horizontal plane and oriented vertically. 

 18)  Before  integrating  in  your  system,  make  sure  that  a  suitable  risk  assessment  is 
 carried  out  and  that  appropriate  safety  measures  are  implemented  (e.g. 
 anti-collision system, personnel training, etc.). 

 19)  Use  batteries  without  low  current  shut-off  options  or  any  universal  5V  USB  charger 
 to provide continuous voltage to devices. 
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 10.   Terabee Robot Positioning System 
 sub-networking 

 The  purpose  of  the  sub-networking  is  to  extend  UWB  coverage  to  larger  spaces,  where  32 
 anchors  are  not  sufficient  to  cover  required  workspace.  For  example,  a  large  hall  with 
 multiple partitions or multiple offices, multiple floors, etc. 

 The  sub-networking  allows  trackers  to  easily  move  to  different  areas  within  the  network 
 and  generate  a  position  without  losing  network  connection.  All  sub-networks  must  have 
 the  same  network  ID  but  can  be  implemented  with  different  network  labels  that  are 
 assigned  to  a  small  or  large  group  consisting  of  an  initiator  and  a  minimum  of  three 
 anchors. 

 There are some recommendations to implement sub-networks as follows: 

 1)  In  case  of  sub  networks  overlapping  in  auto  anchor  positioning  mode,  please  do  not 
 run the auto anchor positioning procedure simultaneously. 

 2)  Due  to  bandwidth  occupancy  and  UWB  time  sharing  in  the  same  area,  the 
 maximum total number of anchors in the subnetworks should not exceed 32. 

 3)  Do  not  assign  different  network  IDs  to  devices  within  the  network.  In  this  case,  the 
 device  cannot  listen  and  respond  to  other  devices.  Having  different  network  IDs, 
 users  can  create  an  isolated  UWB  network  that  only  shares  bandwidth  with  another 
 network around it. 

 4)  If  users  plan  to  implement  a  private  UWB  network,  they  can  assign  a  specific 
 network ID. In this case, unassigned anchors or trackers cannot join this network. 

 Copyright © Terabee 2023 
 Terabee, 90 rue Henri Fabre 
 01630 Saint-Genis-Pouilly, France (next to CERN) 

 Terabee Robot Positioning System 
 User manual 



 11.   ROS package and C++ API 
 ROS package available soon at our github page:  https://github.com/Terabee 

 C++ API available at:  https://github.com/Terabee/positioning_systems_api 

 Features: 

 ●  Streaming position data from the tracker 
 ●  Configuration of the each device’s parameters 

 12.   Quick guide for setup 
 A simple setup example includes 4 anchors placed in the square configuration: 

 1.  Pre-configure  the  anchors,  place  a  sticker  of  each  anchor  that  represents  the 
 anchor ID, from 0 to 3. 

 2.  Mount  each  anchor  following  the  right  anchor  number  on  a  wall  bracket/tripod. 
 Make  sure  antennas  are  facing  the  center  of  the  workspace  at  45  deg,  to  achieve 
 good signal coverage.  Figure 20  below shows an example  setup. 

 Figure 20 - Terabee Robot Positioning System anchors positioning example 

 3.  Connect  power  cables  to  anchors  (power  the  anchors  using  5V  batteries,  or  a 
 regulated-voltage 5V electronic device charger or power supply) 

 a.  In  dynamic  auto  anchor  positioning  mode,  Make  sure  to  power  the  anchors 
 in  the  following  order:  start  from  the  initiator  anchor  and  proceed  with 
 anchor 1, anchor 2 and finally anchor 3. 
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 If  anchors  have  already  been  configured  and  contain  a  position  value,  a  position 
 values  reset  is  required  to  perform  auto  anchor  positioning  once  again.  To  reset 
 position  values  of  anchors,  please  connect  each  anchor  to  the  Graphical  User 
 Interface and reset anchor position. Set the (x, y, z) to (0, 0, 0) 

 4.  Connect tracker to a PC and launch Graphical User Interface. 

 5.  Tracker position will be displayed on the screen. 

 Attention  :  if  the  initiator  anchor  goes  off,  the  UWB  network  will  stop  functioning 
 until  the  initiator  turns  back  on  or  the  reserved  initiator  takes  the  role  of  the  last 
 one.  In  the  case  of  a  sensitive  UWB  network  implementation,  it  is  recommended  to 
 have at least two anchors with initiator mode enabled. 

 13.   Compliance 
 Certifications: CE, FCC, IP65, RoHS, vibration - PENDING 

 IMPORTANT: Contains FCC ID: 2AQ33-DWM1001 
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