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From	
  potenKal	
  to	
  actual	
  perfect	
  CPS	
  test	
  bed:	
  	
  
open	
  source,	
  light	
  weight,	
  good	
  documentaKon 

Product	
   DJI	
   MicroPilot	
   Ardupilot	
   Ard-­‐μ-­‐copter	
  

Open	
  upper	
  applicaKon	
  layer	
  	
  
(coarse	
  grain	
  control)	
  

Yes	
   Yes	
   Yes	
   Yes	
  

Open	
  source	
  lower	
  applicaKon	
  layer	
  
(fine	
  grain	
  control,	
  a_tude	
  control)	
  

No	
   No	
   Yes	
  (20MB	
  
source	
  code)	
  

Yes	
  (135KB	
  
source	
  code)	
  

Open	
  source	
  OS/driver	
  layer	
   No	
   No	
   Yes	
  (1MB	
  
source	
  code)	
  

Yes	
  (1MB	
  
source	
  code)	
  

Open	
  source	
  hardware	
   No	
   No	
   Yes	
   Yes	
  



Ard-­‐μ-­‐copter	
  architecture 



Ard-­‐μ-­‐copter	
  architecture 

Reuses	
  
Ardupilot	
  
driver	
  library	
  
(1MB	
  source	
  
code)	
  



Ard-­‐μ-­‐copter	
  architecture Supports:	
  
1.  Fine	
  grain	
  a_tude	
  

control	
  (pitch-­‐roll-­‐yaw	
  
angles)	
  

2.  Interface	
  for	
  coarse	
  
grain	
  x-­‐y-­‐z	
  locaKon	
  
control	
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3-­‐axis	
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up	
  to	
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  sampling	
  rate,	
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  comm	
  interface	
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  Digital	
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Processing	
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  to	
  
synthesize	
  angle	
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  APM	
  2.5.2)	
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Package	
  size:	
  15x12x2cm	
  
Weight:	
  57g	
  
Serial/I2C	
  comm	
  interface	
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Usmile	
  Mini	
  OSD	
  MAVLink	
  
Flight	
  CommunicaKons	
  
Module	
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Actuator:	
  	
  
	
  
Pulse	
  Width	
  ModulaKon	
  (PWM)	
  driven	
  motors,	
  duty	
  cycle:	
  2.5msec	
  
(i.e.	
  400Hz)	
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  Control	
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Control	
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  Control	
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  Control	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Control	
  Strategy:	
  the	
  quadcopter	
  plant	
  and	
  
states 



Control	
  Strategy:	
  ground	
  coordinates	
  and	
  
body-­‐oriented	
  coordinates 
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locaKon-­‐angular	
  control	
  takes	
  a	
  nested	
  outer-­‐
inner	
  control	
  loop	
  form	
  



Inner	
  loop:	
  accurate	
  angular	
  velocity	
  readings,	
  
inaccurate	
  angle	
  readings	
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Height	
  control:	
  accurate	
  verKcal	
  acceleraKon	
  
readings,	
  inaccurate	
  height	
  readings	
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All	
  above	
  control	
  outputs	
  sum	
  up	
  to	
  become	
  
the	
  total	
  control	
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  to	
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  motors	
  

Updated	
  throjle	
  
component	
  

Height	
  control	
  
output	
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Pitch	
  Angle	
  Horizontal	
  StabilizaKon	
  (IMU	
  starts	
  at	
  t	
  =	
  0;	
  motors	
  
start	
  at	
  around	
  t	
  =	
  15	
  sec;	
  “Setpoint”:	
  the	
  desired	
  pitch	
  angle)	
  



Roll	
  Angle	
  Horizontal	
  StabilizaKon	
  (IMU	
  starts	
  at	
  t	
  =	
  0;	
  motors	
  
start	
  at	
  around	
  t	
  =	
  9	
  sec;	
  “Setpoint”	
  means	
  the	
  desired	
  roll	
  angle) 



Pitch	
  Tracking	
  (IMU	
  starts	
  at	
  t	
  =	
  0;	
  motors	
  start	
  at	
  around	
  t	
  =	
  10	
  
second;	
  “Setpoint”	
  means	
  the	
  desired	
  pitch	
  angle) 



Roll	
  Tracking	
  (IMU	
  starts	
  at	
  t	
  =	
  0;	
  motors	
  start	
  at	
  around	
  t	
  =	
  15	
  
sec;	
  “Setpoint”	
  means	
  the	
  desired	
  roll	
  angle) 



Height	
  Control	
  Trace	
  (IMU	
  and	
  sonar	
  start	
  at	
  t	
  =	
  0;	
  motors	
  start	
  
at	
  around	
  t	
  =	
  17	
  sec;	
  “Setpoint”	
  means	
  the	
  desired	
  height) 



Conclusion 

We	
  build	
  an	
  open	
  source	
  quadcopter	
  pla7orm.	
  
	
  
Much	
  simpler	
  source	
  code	
  compared	
  to	
  
Ardupilot	
  (135KB	
  applicaKon	
  layer	
  source	
  code)	
  
	
  
Good	
  documentaKon 



Thank	
  you! 

We	
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  an	
  open	
  source	
  quadcopter	
  pla7orm.	
  
	
  
Much	
  simpler	
  source	
  code	
  compared	
  to	
  
Ardupilot	
  (135KB	
  applicaKon	
  layer	
  source	
  code)	
  
	
  
Good	
  documentaKon 



Thank	
  you! 

Demo:	
  	
  
hjp://www.comp.polyu.edu.hk/~csqwang/coolstuff	
  	
  
	
  
	
  
Source	
  Code	
  URL:	
  
hjps://github.com/Ard-­‐mu-­‐copter/	
  	
  


