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Landing Copter DJI Matrice 100

AWide-angle (forward) ' ")
and fisheye (down) \
cameras

AMagnetic feet
AFoot contact sensors
ADual-core PC
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Landing Pattern Detection

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

AUses filtered copter height
(barometer) and orientation
(IMU)

ACompute regions with
sufficient resolution
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Landing Pattern Detection: Tracking

AExtract a small region around last detection in raw image

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

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

ADetect circles and confirm
detection with rectangular lines
within

ACompute 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

8 MBZIRC Grand Challenge Winner NimbRo universitétbonnl@



Time -optimal Interception Trajectory

AAnalytic solution
AMaximal inputs

ASpeed,
acceleration, jerk
limits

ASeven intervals

AComputation of
switching times )
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file Panels Help

fjinteract | 4 Move Camera  [ISelect <j-FocusCamera ==Measwre .~ 2DPoseEstimate - 20NavGoal @ PublshPoint & =
= 9 MbzircEmergencyStop Q
C1 C1 Start Landing C1 C1
C3 C3 start Picking C3 C3
C1 c? Cc? Cc? Cc?
T i 2 i 5 T T
R R R R R
STOP
StateTakeoff 0s
Status 2 -
Status 3 --
Status 4 -
Status 5 -
9 MbzircC1Control
i > mbzircl v
< = StateTakeoff
h: 0.2
Request Control 0 Ch. Active
0.0
V: O-Omls km/h d: 18-91'0
Ay: -134.2 20
0.3
Ah: -1.514 t: 100.035
v Views o
Type: | XYOrbit (rviz) v Zero
Current View XYObit (rviz)
Near Clip Distance 0,01
Target Frame <Fixed Frame> U
Distance 48,1511
nien oaer o
Save Remove Rename
O Time (<]
ROS Time: 1489856296.28 ROS Elapsed: 632 Wall Time: 1489856296.26 ‘Wall Elapsed: 6.23 Experimental
feset: 30 fps
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Picking Copter DJI Matrice 100

AWide-angle downward
looking color camera

AElectromagnetic
gripper

AlLaser-distance sensor
to ground

ADual -core PC
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