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 The scenario: How to autonomously
navigate a flying robot in an outdoor urban
area, exploring the area without crashing.

 The issues:
— Low power, size, weight
— Inertial hardware too inaccurate, slow
— Optical stereo too short-range
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 The proposed solution:
— Use optical flow to get inertial information.
— Calibrate optical flow with radar.

* The research:

— Simulate a new radar that is being custom
built for this purpose. (Michigan team)

— Combine with optical-flow based navigation
simulator to verify feasibility (Maryland team)
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RDECOM ) Proposed Radar Design _z
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RDECOM ) Proposed Radar Design -‘
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BDEG'@ Size, Weight, and Power Budget

Alias-free range 400m, range resolution 0.375m, 16 bit A/D

Power Weight Dimensions
VCO 10mW 4.6mg 4 (mm2)
Multiplier chain 80mwW 0.5g lecm><X1em
240 GHz 50mW 0.1g
Amplifier
Antennas/frame 0 3.99 4.2x<3.2%0.15 cm3
LNA+Mixer 50mW 0.2g
IF Amplifier 10mW 0.1qg
Processor 250mW 0.2g 22 <0.025 cm3
Total 200mW Bg 4.2x3.20.15=2 cm3

30 frames/sec (continuous operation): 200mw
1 frame/sec (duty cycle 3.33%): 6.7 m\W
1 frame per 3sec (duty cyclel.1%): 2.22mW
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Radar Measurements

=

An instrumentation radar operating at 215 GHz was used to
measure the reflectivity properties of various targets for
inclusion in the simulator’'s material database.
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Bﬂfﬂ'@ Radar Simulator Operation

\‘

% N .
e Wy Simulation based on ray- tracmg
L S within 3D scene geometry in:
e ‘ order to obtain reflections from
specific objects, with known materials,
Incidence angle, and range.
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Each range bin a summation of
contributions from 100’s of rays.



RDEG@ Radar/optical-flow Navigation —l

Example of radar simulation of a flying robot over an
urban scene:

40m
20m
End
80m
40m
20m
,/”’//
(
40m
30m 60m

Start

WARFIGHTER FOCUSED.



BDFE@ Optical Flow Concept

Derivative[Image(0,,t) ] =
d Image /00 - 00/ ot +
dIlmage/dd - dp /ot +
dlmage/ dt = O

12

* Solve for Vg, V, by
assuming constant over a
few pixels.

: WARFIGHTER FOCUSED.
S. Gerardi kL

www.avl.umd.edu



RDEC. @ Optical Flow Concept 4

« Can directly obtain angular velocity
« Can also get linear velocity, within a constant.

* |f have range to the target for each pixel, can
convert to absolute linear velocity.

 Use the radar in order to calibrate the linear
velocity measurements.
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RDEG'@ Optical Flow and Radar Concept -‘

« Both modalities are noisy, so average both over a
15° x15° region.

* Field-of-view is assumed to cover the entire lower
hemisphere.

« Use 100 points equally spaced in this hemisphere.

« Current radar design does not provide this geometry
In a single frame, but could be used to estimate it as
the robot flies.

* Moving-window average for 0.05 sec: 20 frames/sec
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RDEG'@ Radar/optical-flow navigation -‘

* Created a 3D model of an area in Fort Benning with
lots of buildings.

* Intent was to explore the area:
e stay away from building wallls
« forward velocity of 1m/sec
* keep altitude of about 1 meter
* no path specified

« Simulated vehicle was a quad-rotor.
« Controller was able to vary throttle and pitch.
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RDFB"?@ Radar/optical-flow navigation —‘

Successfully combined optical flow/radar navigation
over a simulated Fort Benning scene:
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RDECOM ) Simulation Results
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BDEB@

RMS error for estimated states

Simulation Results

State Runl Run2 Run3 Runi4

u (m/s) 0.0787 0.0413 0.0687 0.0301
v (m/s) 0.0225 0.0151 0.0096 0.0157
w (m/s) 0.1662 0.0926 0.0896 0.0998
p (rad/s) 0.0812 0.0955 0.0671
q (rad/s) 0.0425 0.029 0.0295
r (rad/s) 0.0379 0.0336 0.0372
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RDECOM Conclusions and Future Work -l

Simulations showed successful autonomous
navigation in a simulated urban environment:
« \Worst-case velocity error. 7cm/sec

« Worst-case angular error: 5°/sec

This, despite noisy measurements and 30cm
radar range resolution.

Would like to improve this so that the radar model
IS more realistic:

« forward-looking, not hemispherical

Increase forward velocity to about 10m/sec
Radar-only navigation
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