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Why a Human-Robot Gooperation
System?
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Operator
i L Role
supervisor

assistant
— Develop a system to be used as a h
. Celegate Inform Reqguest Provide
defect recognizer on walls 7 " progrsss sebtihno]  fesritancs

Aerial robot — - o p—
— TWO main concerns: v m ¢

£

- Behaviors of the drone

Perception Actuation

- Flaw Recognition

Environment 11 1 1 1 1 1 1 ]

Surface to inspect
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W4 Semi-Autonomy and recognition tasks

— Al means autonomy!
— Start with a semi-autonomous system — reduce the cognitive load
— Tasks modelled as recognition missions:

- Starting point
- Surface Inspection

- Ending point and results
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The Recognition Model




W Frequency Histogram of Connected Elements

— Concept of neighborhood

— Pixel grayscale value comparison

— Sum of the same valued pixels and

generation of the histogram

H(T) = C;p(I) O0ST <Iyp-1

[3] D. Maravall and M. A. Patricio. 7
[4] M. A. Patricio and D. Maravall




@ A Fissure and its histogram
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Extracting the defects
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— ldentify the range of values corresponding to a flaw

— Assign white values to those pixels to separate the flaw

POLITECNICA
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@ Distinction
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— Fissures: Linear flaw

— Holes: Square (or circular flaw)
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@ Evaluation dataset

vision& gsdal POLITECNICA

200 labelled images

- 70 fissures
- 70 holes
- 60 normal surface
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Recognition results
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Hole Fissure No Hole | No Fissure
Hole 49.5% 0% 40% N/A
Fissure 10.5% 88.5% N/A 11.5%
SEEUBEE N Hole 0 0 0 0
No Fissure 0 0 0 0
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The Collaborative Model
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@ www.aerostack.org

AEROSTACK

A Software Framework for Aerial Robotic Systems

e S
Version 1.0.0 @
“Fx'  Gregale Distribution olslss POLTECHICA

Z [1] J. L. Sanchez-Lopez, R. A. Suarez Fernandez, H. Bavle, C. Sampedro, M. Molina, J. Pestana, and P.
Campoy
o~ [2] J. L. Sanchez-Lopez, M. Molina, H. Bavle, C. SaTEedro, R. A. Suarez Fernandez, and P. Campoy.
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Communication system
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: Main Behaviors a
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— Movement: Zig zag, Up &

Wall
Down
3 .

— Information retrieval:
Position

Position Z

— Emergency notifications: 0
Low battery, low visibility

Position Y
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W49 Communication channels

1. Control panel: The operator starts/stops the mission and supervises the main
flight parameters.

2. Behavior commands: The operator commands specific behaviors — ease of
supervision. Robot — accept or reject such commands (e.g., for safety reasons).
+ Use of keyboard

3. Assistance request: The robot asks the operator for assistance in the presence
of certain events.

Control Panel Control Panel Control Panel
Vehicle: drone1 Vehicle: drone1 Vehicle: drone1
wireless Connection: Connected Wireless Connection : Connected Wwireless Connection : Connected
Battery Charge : 0% Battery Charge : 100% Battery Charge: 100%
Flight Time : 0:00 Flight Time : 00:00:10 Flight Time : 00:00:08
Operation Mode: | Guided by Python mission = Operation Mode: | Guided by Python mission = Operation Mode: Keyboard teleoperation
2 Take off # stop
' start mission I Select File S Emergency land | | W Abort mission :

S Land 4 Reset
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Assistance request Execution State Viewer

The mission execution has been stopped. " :
Beliefs Viewer

battery_level(self, HIGH)
position(0, (-0.40, 4.00, 0.50))
object(0, Hole)
uncertainRecognition(1)
Please select what to do now b position(1, (-0.80, 4.00, 0.30))
object(1, Fissure)

An anomaly has been detected in the camera image and located at (-0.4,
4.0, 0.5). It has been recognized with the category: Hole

Confirm category Reject category

Continue mission

Window for Dynamic
assistance - Gommunication during assistance request ~ memoryof
request beliefs
000 cameraViews |
Camera 1 b H]

Multiple object

detection with
a priority | ;'-'-'3
scheme )
c
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& Enable surface inspection




Communication system
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— Two directional communication via a command line interpreter

— Commands: Take off, Land, Zoom In/Out, Start Mission, Finish
Mission, Change Movement Strategy, ...

= 'jhamejp:d‘mfwmtspacefrnsfﬂrustick_i:al:kin_ws.fsrcfaernsta:l:_stac.l.:};iackfcummunicatkmq_sys...

- Take Off: to
Land: 1

- Go Home: gh
Call Painter: ¢€p

Send Current Position: s

= ] L8 L
Turn Light On: ton

Turn Light Off

Change Movement Strategy



https://docs.google.com/file/d/0BwYlG7Ii4JZBcHhtdXhDV2NGaUk/preview
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Conclusions and Future Research
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@ Conclusions
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— Recognition method with acceptable performance:
Partial recognition (88% for fissures, 49% for holes)
Efficient to operate in aerial robotics
— General interaction model with mixed initiative:
Channel (1) Operator asks robot to perform missions
Channel (2) Operator asks robot to perform specific behaviors
Channel (3) Robot asks operators for assistance

— Experimentation with real flights

Implemented using Aerostack framework
21
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— Improve Recognition accuracy

— Dynamic feature extraction from histograms
— Add new categories to recognize

— Reduce computational load

— Implement other communication systems (voice
commands)

— Other applications?
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