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1.

How metro tunnels are now being inspected in the world




® 1.1. Why metro tunnel inspection is a must?

Damages to metro tunnel structure and surfaces
frequently occur mainly because of

- surrounding environment changes

- train-induced vibration

- human interference (eg. earthwork projects
nearby)

No replay button in reality! Which will come first,
Accident or Tomorrow?

construction stage — monitoring needed
operational stage — monitoring + inspection needed




® 1.2. Which headaches? Which contents to inspect? Which existing methodologies?

Headaches:

- limited time window

- dim site and dusty air

- apparent movement hazards

- stuffy environments with few vents

To inspect:
- tunnel structural deformation
- tunnel inwall defects

Existing Methodologies:

visual inspection

photography

robotic total station monitoring

terrestrial laser scanning

Labor-intensive? Scientific and traceable records?
Complete data for assessment?
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Mobile scanning helps greatly with efficiency



® 2.1. What’s the new solution and what’s included?

Mobile Scanning:

- motorized trolley-based laser scanning

- mobile platform instead of tripod-mounted

- software-driven settings and data capture

- on-site realtime display geared by industrial
computer built in trolley body

New Solution for Metro Tunnel Inspection

ATrusted Safeguard. Track & Field Proven. Engineered to Rail Tunnel.

Scientific. Traceable. Efficient.
Visualized. Uniform. Complete.

MS100 system includes,

- all-in-one software Tunnel Scan&Go

- TrolleyAuto (with inbuilt industrial computer)
- laser scanner with Automation function

- multi-lens camera system Clover (option)

- full-life cycle control software Fulicle (option)




® 2.2. When to use this system in metro tunnel operation?

Suited Stage:

- tracks not laid X (no way to slide)

- tracks already laid v (for structural monitoring)
- as-built survey v (for track mid-line, by 6t gen)
- operational stage v (for regular inspection)

6th generation 7t generation
Suited Environment:

@ bore tunnel

@ shield tunnel

@ open-cut to shield structure session
(4) open-cut structure station
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13-lens, captures vault + haunch only, suited to high-speed rail tunnels 4. ce: d1 = d2 = d3 then resolution: r1 =12 = r3




® 2.3. Inspecting metro tunnels in different ways...

SCENE

before

now

All-in-one software
(data capture + process)




® 2.4. How long it will take to complete 1km tunnel uplink and downlink inspection?

200m per hour, 500m per job (access)
(2.5 hours max. for each tunnel access)
1km uplink and downlink = 2km in total

2km / 500m per job = 4 jobs = 4 nights

1km per hour (structure+ defects)

1 hour to cover uplink
1 hour to cover downlink

2 hours = 1 job = 1 night fieldwork only!

repeated station movements
apparent tripping hazards
typically every 20m for one scan

approx. 30 days to analyze and report

motorized trolley running
automatically

a mobile and stable platform doing
the job in one shot

3-4 hours to analyze and report
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AUTOMATION

Automated detection saves big in manpower

Innovation




® 3.1. Point Cloud & HD Image Outputs Are Not Final Products Yet

Methodology

mobile
scanning

Pre-process

laser point
cloud

automated
trolley-based
imaging

HD images

Output

-

3D reality consisted of\

trillions of points
representing everything
in the tunnel

\_
-

J
\
individual images or

HD panorama image
of the tunnel

J

Final Submission




® 3.2. Al Technology Applied to Dimensional Calculation & Feature Extraction

N

HD pano image

Approach
4 N
point cloud
computation
N J
4 N

J

»

Algorithm Process

-

N

structural info

initial defects
detection &
analysis (70%-80%)

~

J

»

Manual Correction

-

N

(not necessary)

~

J

-

N

intensive review
(20%-30%)

~

J

»

Final Product(s)

-

N

structural info
report

~

J

-

N

detected defects
report

~

J

Dealing with the numerous points and images and working out the digital report is quite labor-intensive indeed.



® 3.3. Computer Vision and Al help much in...

Generally speaking, it’s supposed to find out,

Are there any structural deformation portions resulting in weaker
structure support, tunnel collapse, or operational safety?

Are there any inwall defects resulting in rusty rail tracks, electric
leakage, or lining concrete damage?

- Where are such defects located?

What’s the size of each detected defect, like length or area?




Category | Major Content Details to Inspect Hidden Trouble
moist rusty rail tracks, electric leakage or
lining concrete damage, etc.
leakage (water seepage) | rusty rail tracks, electric leakage or
lining concrete damage, etc.
lining crack weaker structure support, tunnel
Tunnel Inwall
#1 Defects collapse, etc.
segment breakage weaker structure support, tunnel
collapse, operational safety, etc.
concrete peeling-off weaker structure support, tunnel
collapse, operational safety, etc.
concrete falling-off tunnel collapse, etc.
tunnel limit operational safety
tunnel clearance operational safety
tunnel convergence tunnel collapse, operational safety,
etc.
#2 Tunnel Structural sectional data operational safety

Information

segment ovality

weaker structure support,
operational safety

segment stagger

tunnel collapse, operational safety,
etc.




® 3.4. Al Computation VS Manual Analysis

Though structural data could be computed via point
cloud,

Is it possible to search the inwall defects one by
one?

EFFICIEN

How long will it take to search carefully and find all?

All such defects would not be missed by manual
checking?

Speed Quadlity Costs

How to digitize the defects scientifically and come
out with a logical report?
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® 4.1. One-stop enjoys a complete workflow independent of a third party

Field Office Submission

Analvytical Reports

All the necessary hardware and software contributing to an acceptable submission to Rail Authority come from a
single source. And all support would be provided by this team as well.
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features mobile scanning, - ;

motorized control, on-site output : "
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5.

How Al takes part in this workflow




® 5.1. Artificial Intelligence & Machine Learning Technology

high-definition
Image

convolutional
neutral network

flaw inspection
and locating
algorithm

full
convolutional
neutral
network

)

) laser point cloud + RGB

>

laser point cloud

images

vege/GoogleNet/ResN
et/DenseNet models

.

standard circular
orthophoto
hi-resolution circular
orthophoto

mega data of metro
tunnel images

lining cracks to detect and extract

flaws (on overhead wires supporting frame and its
attachments, bolts) to detect

concrete falling block, leakage, lining crack to detect

enhanced Unet model

target detection
model, YOLO series

leakage detection
technology

concrete falling block
& peeling-off
detection technology

automatic extraction
of tunnel lining cracks

mega data of metro
tunnel images

mega data of metro
tunnel images

mega data of metro
tunnel images

length information and trend analysis of lining cracks
to obtain

flaws (on hanging objects, double ear-walls, location
clamps, bolts) todetect

area size and location information of leakages
to obtain

area size and trend analysis of concrete falling block
& peeling-off to obtain



® 5.2. Al Technology Applied to Dimensional Calculation & Feature Extraction

Process Workflow:

(fieldwork setting - on-site display )
data import = data analysis -
sectional data computation -

defects detection (by algorithm) -
manual review = final report MS100 All-in-One Software

Tunnel Scan&Go Process Workflow

Automated Detection

- mega database reference

- computer vision

- machine learning & deep learning
- artificial intelligence

Full-life Cycle Control

- historical data management

- statistics, analysis and comparison
- out-of-tolerance alerts
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While scanning "Q[‘if'gsni‘té: the’
system can generate the circular
orthophoto-almost realtime. You
won’t spend long hours on post

processing in office!

18844

S ey SR T — R ——pem— . v ~

A

165 160 155



S SRS G R 1Y 1 (R P T ST S S, . S A . s————

- SR S TUN - 1 e il

- o]
=
l
|
|
!
|

PREEE




o)

¥

‘-"v“'ir _i__ L

4/=9

i

ey

) U

concrete falling-off

/(
N

4 A5m m‘\“

7 fS 5mm (

1=0.224

6.88mm

881
4 12

\.

segment beaka

_ W=0.0036

inwall crack



h ¢

=0.224
W=0.0036

A D W 1 ) D s 4 T N ]
C

ot s st s



4.4578

\\
UpperL. 4.5922 UpperR. 1
Upper L.
‘.
Middle L. 1{* 54182, . Max.clesrance 54217 middieR. 1 :
Center o Middle L.
N
[sp}
Bottom L. 2 =1 5.0989 iddleR.2
o / j
8 < > </ Bottom L.
5 oo 4.0965 / &
Segment #4 L_“ i — - E— o
e =V Segment #2 T -

o |||| ||||||| “"Iln,.,,.,,"m“, nl\”“"”“"

Ring 29-30 faulting

3.7mm 0.7mm J s

J
7
1.9mm
Om/

|...|,.|||H“|H”Hul\. |”|"|| NH

“""”I

Upper

Ovality (%)

12

10

(o))

Middle L.

150

160

eeeeeeeee

170

| \”
‘Besides inwall diseases, the
system also deals with the tunnel
structuralinformation like
sectional data, segment ovality,
breakage faulting, tunnel limit,
tunnel clearance, tunnel gauge,
etc. These are all vital signs to

track deformational progress.
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Inspection Missions
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Shenzhen Metro Line 7

Guangzhou Metro Line 3

Guangzhou Metro Line 6
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Shenzhen Metro Line 2

Guangzhou Metro Line 5

- Shenzhen Metro Line 11

Shenzhen Metro Line 10

Guangzhou Metro Line 1
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Metro Tunnel Geo-spatial Information System
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Guangzhou Metro Line 7 Inspection

i Section
Ovality

Faulting

Disease Information




Metro Tunnel Geo-spatial Information System Guangzhou Metro Line 7 Inspection 1’ south123 quit
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Shortly after accident occured (i)
News, announcement, rescue, repair, research, inspection,
maintenance,,, and plenty of handling came up.

While accident is on the brink (FXJ5) | PSHEETEAE, BAETR ARFOEE. 115HEERONE, BERReT
Only inspection and maintenance (if necessary). RIS, BB, 2E7H, BIBSTHEE, REDE_SHTW,

(R (30
Long before accident comes CAJ)

Only inspection and maintenance (if necessary).

Why not try a scientific solution for the routine inspection to
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