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Background

Tunnel Defect Inspection: Challenges

Development of a Tumbler Inspection Ball (TIB) Robot
Experimental Results and Future Research Work

UAV-based Outdoor and Indoor Inspections
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» Background: Drainage Service Robots

: ; ; : : : Water Analysis and Drainage Equipment
Inspection of Drainage Pipes Drainage Pipe Repair S estilon Inspection
* Integrate high-definition « Carry various manipulators e Real-time collection of « Based on data collected from the
cameras, sensors, and other and underwater tools, water quality data robot, the drainage equipment
equipment, realize real-time replacing humans to repair the - water quality data inspection platform can provide
monitoring and data collection. pipe.+ analysis. powerful analysis tools for drainage
» Detect problems such as « Autonomous water network rehabilitation and
accumulation of mud, aging, purification.” maintenance.”
corrosion, rupture and
collapse.*

*: Ogai, H., & Bhattacharya, B. (2018). Pipe inspection robots for structural health and condition monitoring. New Delhi, India:: Springer

+: Tugeumwolachot, T., Seki, H., Tsuji, T., & Hiramitsu, T. (2021). Development of a compact sewerage robot with multi-DOF cutting tool. Artificial Life and Robotics, 26(4), 404-411.

A Hur, J. G, Lim, C. G., & Kim, Y. M. (2022, December). Development of a Robot System for Cleaning Sludge in Industrial Site. In International Conference on Robot Intelligence Technology and Applications (pp. 343-350).
Cham: Springer International Publishing.

#: Iversen, N., Schofield, O. B., Cousin, L., Ayoub, N., Vom Bogel, G., & Ebeid, E. (2021). Design, integration and implementation of an intelligent and self-recharging drone system for autonomous power line inspection. In 2021 IEEE/RSJ
International Conference on Intelligent Robots and Systems (IROS)
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Tolo Harbour Effluent Export Scheme (THEES) tunnel

Pipes and manholes of Hong Kong*
; : : constructed in 1989 (34 years old)**

(DSD formed in 1989)

*: https://livingatlas-dcdev.opendata.arcgis.com/maps/esrihk::drainage-records-of-hong-kong/explore?layer=0&location=22.373681%2C113.999400%2C11.53
**: https://www.dsd.gov.hk/EN/Files/publications_publicity/exhibition_panels/2002/S1_Tolo_Harbour_Effluent_Export_Scheme.pdf
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» Background

Tolo Harbour Effluent Export Scheme (THEES) Tunnel

Spec: The underground sewage pipe to be inspected
®3.1m has a length of 7km, water speed (adjustable) around
4m/s, the cross-profile diameter at 3.18m, and the
water height at 1/3-1/2 (1-1.5 m height) of the cross-
profile.

Collision belt
(avoid coIIision)

d0.6m
\ 2.8m

1Ll g

Active fin 1
(avoid rotation) m

Sewage Pipe Situation
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» Tunnel Defect Inspection: Challenges

Current technigues and limitation

Reasons

> To identify and_ fixa PrOblem ’\‘Eﬁ « Power supply — cannot support long distance inspection

> As part of routine maintenance E « Not able to fly in the environment of high-speed air flow and water import

Drones » Limited distance on signal transmission
Chall &) : — :
allenges /,;- / « High flow rate resulting in uncontrollable and unstable motion;
. ] . v //r » Risk of flipping over;
Long distance inspection Boats « Unpredictable collisions with wall and invert (bottom).

Safety and health hazards concerns ]
Takes months for planning of flow diversion _
Limited time for sewage flow suspension - [ « High flow rate disables vehicles’ functionality; }

YV VVY

* Unpredictable stairs in the tunnel and unpredictable terrain;
» Long cable for data transmission.

-

\ehicles

Unreliable life support in long distance;
High risk of biohazard in sewage;
High temperature brings diseases.

Workers
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» Tunnel Defect Inspection: Challenges

Collision Flip over

-

 Long distance inspection: 7.4km

PrOj ect  High flow rate

 Robot localization and data transmission underground

Challenges |+ Lackof light

» Potential of collision

* No intermediate adit to the tunnel

\ Flow rate 4m/s Depth ~1.5m Robot localization

/

- ; * Inspection of tunnel conditions including crack,
Ob_] ectives damage, and other risky conditions

« Detecting the sediment condition

N

Private & confidential. All right reserved. Do not copy or distribute without written permission from Hong Kong Centre for Logistics Robotics.



HONG KONG
& CENTRE FOR LOGISTICS ROBOTICS

FRAYREER AMAPO

N S) e
‘ The Chinese University of Hong Kong Drainage Services Department

Self-stabilizing Robotic Ultra-high-Performance Intelligent Information
System Sensors Processing Platform

$

Tumbler Inspection Ball (TIB) robot.
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TIB robot
B _'I:l];l;l_e_l _____________________ Sensors for both
ey —————————— horizontal & vertical &
e Entrance
i E R ||l 3TDOF
L Releasing gimble
o system
System Design T TEa

Lo N Voo EEEED. :
. 1| Retrieval : o |
Lo : Localization .
L1 System | without GPS |
"""""""""""""""""""""" : Video i

E Reconstruction !
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» T1B Robot — Stabilizing System

Motivation Solution

Self-stabilizing

Turbulent Collisions | | Tumbler inspection ball
robot motion || within the tunnel |

l

360-degree video
shaking and blurring

!

Degenerate
inspection performance

Image Processing
Algorithm

Input layer Hidden layers i Output layer
i h, h. h, i

‘VV; ivy Outpug 1
/PN

W
AN

Gimbal Compensation

_I_
3

Al-based stabilizing algorithm
analyzes and compensates the
vibration of the obtained video

Gimbal automatic control detects
and compensates for the camera
movement

Intrinsic stability and
collision protection
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» Stabilizing System Video Data Processing
» Noise reduction

m » Vibration compensation
A : An | w .
| = ﬂﬁ __________ 0l | ﬂ » Image blur removing
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Al-based video stabilizing algorithm
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» Stabilizing System — Video Data Processing

Verification of video stabilizing algorithm

P R

HONG KONG
& CENTRE FOR LOGISTICS ROBOTICS

FRAYREER AMAPO

Original video Stabilized video

Results

The stabilizing algorithm can effectively reduce the video vibration
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»  Experimental Results

B GridPlayer

Velocity: 0.12 m/s

TIB Robot

Tunnel Environmental Challenges

= Water velocity Front view
= Water wave height

= Temperature
= Pipe wall shape
= Pipe wall surface

Robot Performance Challenges:
= Stability

= Waterproof 360° view E% .

= Sensing system -

= Temperature and humidity
= |MU data
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Remote Inspection

v Enhance inspection flexibility
b v" Allow 360-degree view

v Enable focus area inspection

Private & confidential. All right reserved. Do not copy or distribute without written permission from Hong Kong Centre for Logistics Robotics.



HONG KONG
|R CENTRE FOR LOGISTICS ROBOTICS

FRAYREER AMAPO

Y D;i%%%%

The Chinese University of Hong Kong Drainage Services Department

» Experimental Results

Site Experiments

[ High-quality sensing system] [ Effective stabilizing system ] [Robot’s CoG and waterline design ]

p

B

{
ot e

—

Pipe wall details Stabilized image (video) 5cm from water surface

Private & confidential. All right reserved. Do not copy or distribute without written permission from Hong Kong Centre for Logistics Robotics. 18



L

HONG KONG
CENTRE FOR LOGISTICS ROBOTICS
FEADREMAMR PO

» Tumbler robot for
watered tunnel

» Triple vibration
reductions

» Enable inspector

remote inspection

» Confined space

inspection
improvement

AoE b L k2

The Chinese University of Hong Kong

> Better data
collection

» Enable underground
data transmission

- —————

RE5E

Drainage Services Department

»Planning and
execution time

» Inspection duration

> Labour

o
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» Further Research Work

Al-based inspection algorithm for THEES

Real-time concrete crack and spalling detection for tunnel inspection based on Al.

Q o 5 O w 5 T

Q o . .

2 Z = 2 Z = > Intelligent crack detection
Input Output

Concrete detection nerual network

Intelligent spalling detection

Huang, Z., Fu, H., Chen, W., Zhang, J., & Huang, H. (2018). Damage detection and quantitative analysis of shield tunnel structure. Automation in Construction, 94, 303-316.
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» UAV-based Autonomous Outdoor and Indoor Inspection

A Multi-Drone Based Autonomous Outdoor Inspection System

Mission/task Motion Control ' Positioning/ |
Management . Planning + System SLAM
UAV
Working load deployment Viewpoints generation

Cooperation and

Commands
UAV
Mission/task ' Motion . Control Positioning/
~ SLAM

Management Planning System

A
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»» Autonomous Inspection in
Indoor Confined Space

Sensor input
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Pose estimation
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GPU-accelerated mapping algorithm for
exploring unknown GPS-denied environment

¢l Onboard Navigation
[Audio | ¥ J English
Give new orders —— Specch-to-text Sentenco I mage &
Commander Point Cloud
"""" Execution statas 7T —> —_—>
i Seq2Seq
Status

1 i

1 1 i

' 1

1 i .

! L

i i

I 1

i i LTL
1

I — A0 +

| ? Plan | Automata formula

i 1

1 1

. i
Building Information Modeling System

(Data Management and Modeling)

Autopilot Onboard PC

DSHOT
Signal V-SLAM &
Perception Data

User-friendly interface for human-in-the-loop
high-level tasking

Collision-resilient drone design and collision-
inclusive motion planning

ESC Stereo Camera

Hardware Platform
(Environment Perception)
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Execution status

Audio
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Give new orders

&

Plan

Speech-to-text

| English

Sentence

Seq2Seq

LTL

Automata

formula
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File Plugins Running Perspectives Help

D@ - 0% 'maq ltLrviz[*]-Rviz

@Form
Fundamental
System selection
Robot AMU UAV Workspace Vicon room
Task planner RT-LTL (CUHK) ~ Motion planner BSCP (NUS)
Localization Vicon Perception None
Confirm Reconfigure Take off Land
Task pannel
Audio command Racoid Stop Replay
Task (English)
Translate
UL formula (igrassland U pond) && <> grassland
Execute Abort
Plan skeleton current plan is (1.24,0.93, (-4.8526.37, spray) -> (20.11,10.99,
grass) >
current plan is (-14.36,12.25, (-3.71,6.47, (12.15,6.33,
(20.11,10.99, grass) ->
Execution status

the task planner is RT-LTL (CUHK), the workspace is Vicon room
Automata constructed

initplan_time is 2.0029311185

Prior knowledge incorrect, replanning!

replan using 4.8876e-05s.

Reset

No. 63/450,314 — A human-in-the-loop system for mobile robot task planning (Patent application in progress)

Private & confidential. All right reserved. Do not copy or distribute without written permission from Hong Kong Centre for Logistics Robotics.

Eile Panels Help

() interact %7 Move Camera

Default - rqt

[Iselect < FocusCamera == Measure .~ 2D PoseEstimate . 20 NavGoal

ventions
eneva

(© Time
ROS Time: | 1670246678.04

ROS Elapsed: 55.30

Il Real Time Factor:

Wall Time: |1670246678.07 Wall Elapsed: /5527

Reset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

@ Publish Point
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Others

Our solution: (35 mins, 305.8 Million Points)
(11.4 times faster, 6 times more accurate and complete )
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Indoor large-space inspection

—_—y

@

Pilot-free Outdoor Multi-craft
datacollection . ks

=~ - - ,(S«}’

il

Application Cases

il i e i

Client: Government, Property Manager/Developer

Heritage building conservation Scan to BIM

Multi-drone based outdoor inspection > not copy or distribute without written permission from Hong Kong Centre for Logistics Robotics.
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»  Soclal Impacts

Improved
Work Safety

Enhanced Safety, Reduction in Human
Risk , and Reliability of Sewage Treatment

%}@E»f%%
Market Economy

Economic Efficiency

HEHEF XLKREZ
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Environmental Protection

g
Ly

Potential for Broader Application

v
D R E
Drainage Services Department

Drainage Services Department
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THANKS FOR YOUR ATTENTION

THANKS to DSD’S SUPPORT AND COOPERATION
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