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Projects @ Griffith Robotics Lab

= Autonomous Bridge Inspection using Drones
» Autonomous Drone inspecting Cracks
» Technologies: 3D mapping and localisation, Feature-based crack detection

» Gas pipeline Monitoring System in Nigeria (ODA proposal)
» Monitoring vegetation, gas leakage, coal dust
» Technologies: Sensor Networks, Drnes, Satellite, hyper-spectral images
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Hyperspectral Imaging for Griffith
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Crack Detection
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Problems

» Many heterogeneous devices integrated complicatedly
» Drones, cameras, GPS, IMU, US, Lidar, Gimbal, etc.

» Often upgraded, replaced, added and changed affecting

the whole system.
» HW (Computers, Drones, Cameras), SW (languages, codes, algorithms)

= All the components are interrelated and complicated
» Eg. PWM, = f(task, localisation, object detection, GPS, IMU)
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Objectives

= To design a modularised agent-based control system
model

* To propose a formal language for the communication
among the multi-agents.
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The Intelligent Monitoring System

Central Server module
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A Drone-based Crack Detection System

UAV Controller (UC)
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(Process:

i) Task interpretation;

ii) new position (X', y’)
Input: tasks, GPS, IMU

Output:
- roll, pitch, yaw, translation

Camera Module (CM)

[PI’OCGSS:

- Pointing the target area
Input:

- Gimal_p

Output:

- Images (RGB, IR)
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rocess:
i) PWMs for (X, ¥');
ii) Balancing
Input:

- roll, pitch, yaw, translation
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Output: PWMs

Event Manager

Vision Analysis (VA)
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Emergency
Interruption
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Human Operator

~N

J

DB server

Machine Learning (ML)

[PI'OCGSS:

i) image segmentation;
ii) feature Extraction

=™ Input:

/

\ /PI'OCESS:

i) DBN / CNN;
ii) Learn feature patterns

G Input:
Images (RGB, IR) - Feature vectors
Output: Output:
Q:eature vectors / kCrack detection
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‘ GPS Receiver p—mp

. ‘ Bluetooth — Microcontroller
s dsPIC33F)128MC802

ﬁ R/C Receiver |

Motors and Propellers

Altitude sensor -
(ultrasonic/barometric) e

Gyroscopes/Accelerometers
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@ Equilibrium of forces: 7, T, = —mg

@ Equilibrium of directions: T; 5 34||g

© Equilibrium of moments: ¢ . M; =0

© Equilibrium of rotation speeds: (w1 +w3) — (wo +w4) =0
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Event Manager DB server

inter-agent
transmission

/

q internal transmission
memory G buffers

effector receptor
buffers

aggregated
readings

receptor
commands

= C - control system = j -agent id (drone)
» E - effector = k -sensorid (GPS or IMU)

* R - receptors * n - actuator id (motors)

= T — transmission buffer
= X -input
" y -output
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3
Event Manager

state(j)

J)

/

q internal transmission
memory G buffers

motors(pwm,, J..pwm,)bites error(0) req(t) ‘i GPS|latitude, longitude)
| recptor aggrgated
commands readings

= C - control system = j -agent id (drone)

» E - effector = k -sensorid (GPS)

= R -receptors

* n - actuator id (motors)

= T —transmission buffer

= X -input

" y -output
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DB server

state(j)

Event Manager

inter-agent
transmission
T C:

y©i.j

e, ? = k(w1 +wa) — (w2 + w3))

task(i

k(w1 +w2) — (w3 + wa))
k(w1 +ws) — (w2 + wa))

(0
motors(pwmy, |..pwm,)aeae error(0) req(t) ‘tbe  GPS|latitude, longitude)
| receptor aggregated
commands readings
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Crack Detection from an Image IQ”JGrifﬁth
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PN :
Deep Belief Network |
[ (DBN)cIassifier H Gabor filter }

- Segmentation [ Pre-processing }

- Feature-extraction (noise removal)

Input
images
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Conclusion

= This paper proposed an agent-based control system

model.

» For many heterogeneous and complicated devices integrated to be well
modularised.

» A formal language proposed for the communication

among the multi-agents.
» For easily incorporate dynamic changes in both HW and SW.

» For complicated but interrelated information to communicated between
modules.

= How to measure the usability?



