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Landing Copter DJI Matrice 100

* Wide-angle (forward) ' @
and fisheye (down) \
cameras

* Magnetic feet
* Foot contact sensors
e Dual-core PC
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Landing Pattern Detection

* Far-range tilted camera for search mode
* Fast tracking mode with both cameras (2x 40 Hz)
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Landing Pattern Detection: Search Mode

« Uses filtered copter height
(barometer) and orientation
(IMU)

- Compute regions with
sufficient resolution

5 MBZIRC Grand Challenge Winner NimbRo universitétbonnl@



Landing Pattern Detection: Tracking

« Extract a small region around last detection in raw image

- Compensate lens distortion and compute homography
only on this region
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Landing Pattern Detection

- Use measure for symmetry of
known size (due to known height)
to detect a bright-dark-bright edge

« Detect circles and confirm
detection with rectangular lines
within

« Compute confidence of detection
by overlaying with an artificial
pattern and thresholding grayvalue

image due to known quantile of
dark pixels
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Time-optimal Interception Trajectory

Interception point

Planned trajectory

e e Moving platform
Moving copter
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Time-optimal Interception Trajectory

* Analytic solution

 Maximal inputs

* Speed,
acceleration, jerk
limits

« Seven intervals

« Computation of
switching times |
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file Panels Help
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Picking Copter DJI Matrice 100

* Wide-angle downward
looking color camera

 Electromagnetic

GNSS + compass

_ Computer
gripper

« Laser-distance sensor Sr:pt
to ground Telescope

e Dual-core PC r%j:;g;—

13 MBZIRC Grand Challenge Winner NimbRo universitétbonnl@



Pickable Object and Drop-box Detection

* Probabilistic color segmentation
 RANSAC-like drop-box detection

Drop box Color segmentation Raw image

No Image
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Exploration and State Estimation

» Separation of exploration patterns and
picking zones

» Coordination only necessary at drop
zone and at takeoff

» Laser-based barometer offset
correction close to the ground

» Optional filtering of dynamic object
movements with interception point
prediction
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Team Communication

* In C3 coordination is essential for safe operation
« UDP communication unreliable

* No central control authority, every robot fuses
iInformation individually

 Fallback strategies, e.g., altitude separation,
timeslotting

« Robust against communication failures
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File Panels Help
Gyt Mo Camera  [Seect  ffousCamenn s Messwe < DPosefstivate < 0NavGoal @ Pblshioit =

© MbzircEmergencyStop Q

C1C1 Start Landing C1C1

C3 C3 Start Picking C3 C3
CIL ¢ € C e
1] T T T i
R R R R R

STOP
StateStart 887s
Status 2
StateStart 739s

StateStart 644s
4 2 \ , StateStart 614s
ﬁ m P 0
+ [ -
L—'—/ StateStart
h: 0.2
Request Control 0 Ch. Stopped

Ih:-0.1  pb:On
t: 100.0;; ba: No

 Views 0
e 00 i 2 2en
- CurrentView  Oit(nvin)
Near Clip Distance 001 ‘
Target Frame <Fixed Frame> |
Distance 635129
Yaw 4,69858
Pitch. 0 388400 =
e Jenive: e
Orime (1}
ROSTime: 148984385933 ROS Elapsed:  116.59 Wl Time! 1469849859.57 | Wall Elapsed: 116.56 Experimental

17 MBZIRC Grand Challenge Winner NimbRo universitétbonnl



\ .J“—ﬁl;‘lJﬁ,,,.q‘[Iiuﬁ"l

18 MBZIRC Grand Challenge Winner NimbRo universitétbonnl@



Team NimbRo
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