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Introduction

o Every year, 4700 km of new tunnels are
built in the world.

o Germany has: “
 more than 700 km tunnels, | -
* more than 200 tunnels, IERLANDS SN | s
* Road tunnels - s ,.
+ Railway tunnels ) G E{ M}A N3{/u/

* Underground tunnels _Cologne’ 3
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: .r -, Frankfurt's A Y
o Requirements: LUXEVBOURG |
« Safety managements S .
\~f } Nirnberg |
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» Proper maintenance and renovation
* Regular inspection

- ’)
_ Stuttgart
* Tunnel inventory

\
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' Munich
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Tunnel Inspection

o Conventional tunnel inspection techniques:
* On-site inspections using adapted cars
* Laser scanners
« Manual data collection

o Issues:
» Focusing on certain areas of interest or certain features
« Time-consuming and tiresome (> several hours or days)
* Quite expensive (> 100,000 €)
« Well experienced operator
» Tunnel blocking for several hours
» Risk areas for operators
» Special vehicles for high-lift work
» Visual inspection of anomalies

Local, Manual, Expensive !
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Tunnel Inspection

o State-of-the arts tunnel inspection techniques:
* Vision-based systems on the normal vehicles
« Cameras and LED lights

o Features:
« Dynamic and high speed surveying systems
* Improved efficiency
» Reduced inspection time
« Enhanced safety N
« Automatic data collecting and processing @Chapman, 2016

M - <

Global, Automatic, Low-cost !
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Project ABOUT

o Cooperation project between companies and research facilities

Department of Surveying

o Goal: develop a multi-cameras tunnel inspection system for:

3D reconstruction  Damage detection Object recognition

57

using Pix4D Cloud based on Deep Learning

o Main Features:

Low cost (MV cameras and Flash LEDS)
No GPS/IMU, No laser scanners
Synchronized image capturing
Operating speed: 60-65 km/h

Recording range: 3-8 m

3D model accuracy: 2-5 mm

Crack detection accuracy: 1-3 mm

Object detection rate: > 90%
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Main Components

Area scan machine vision (high speed) cameras

High power flash LEDs

LED controller

O
O
o Synchronization unit
O
O

Modular Platform

7

Factor Value

Sensor CMOS, Area Scan

Resolution 5-12 MP

Sensor format 1.1"

Pixel size [pum] 3.45

Focal length (lens) 6-12 mm

FPS 5-20

Shutter Global

Interface USB 3.0

Pixel Bit Depth 10— 12 bits Factor Value

Chroma Color Sensor LED, Area baesd

Exposure range Sps—30s Operation mode Flash
Wavelength White
Flash time 250 ps
Flash rate 5-20Hz
Working distance 3-8m
Controller Non-integrated

Thermal management

Yes

Interface

GPIO

MV Cameras

Synchronization
unit

N
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Main Working Packages

Preparation Phase Data Processing Phase

Camera Selection Acquisition Phase 3D Reconstruction Object/Crack Detection

& Settings Vehicle Installation ; . | ; _
v (Sys. 2) RGB images RGB images
Local Calibration ' ' '
v
Camera Installation
(Sys. 1)

Sys. 1 . POS param. | Pre-trained Nets |

Calibration | Training
J : datasets
Visual \ '
___cameras Storage units

Anti vibrator

( )

_ | ePurcpu | ‘| GPU/CPU
Light sources { \ ; | :

Control unit
- . _ (Computer) : : i

Syn. Unit Storage unit Storage unit
S o Odometer '

( )

' | Pix4D software |! ' | DL toolboxes
Camera frame ; ; :
: g Vehicle

(

mera h ; _ ; | L
Camera ub) v . 3D pointcloud | . Classification

v Field Calibration ; maps

G i Mosaic ,
egme_rlc ortho-photo i i Trained Nets
Calibration - :
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Challenges related to data collection oo Z% l ; g o s
By " v BUACKRYUSES | gecupnassecc | 123 [aose =300 ERELESS B =
o Camera Selection: — p o et 5 o s o
* Line scan or Area-scan camera? ) Py e e -3 o e
* Rolling shutter or Global shutter? TR
TAMRON 12mm  TAMRON 16 mm el D T o T e i B B S
« Small format or Large format? 0500 892000 - - e
+ CCD or CMOS? e e IR E
 Small buffer or Large buffer? e =
«  GIigE or USB 3.0 interface? B e
« Number of cameras? 10, 8, 5? '
AX=VexTe
* Angle between cameras? 36°, 45°, 56°7?
HmB AX=(DxBXPS)/f
* Required lens? 6mm, 12mm, 20mm? ]° —
N2
* Required radiometric resolution? 8, 10, 12, 24, 32 bit? — ‘ i
: . . | W o [ ot |
« Required shutter speed? Microseconds, milliseconds, seconds? | 3 2
6 4 29
|
« Cost? i 50|
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Flash time Flash Working

Company Country  Price Controller Light " ' Size[mm]  llumination Photo link
(pulse width)  frequency Distance

https://www.iim-

: .
ag.com/enflumimax/products/art
h al | e n g e S r e I at e d t O d at a C O | | e C t I O n LUMIMAX 1.190,00 € Area Flood LQ100FL-49-W-220 Integrated Flash 20-220 ps 268 w/m2 @ 0.5m Jarea-flood-lights/la100f1-49-w-2

7365.html

https://wwwiiim-
ag.com/en/lumimax/products/art
led-bar-lights-1/1sb200f1-48x19-
7792 html

o LED Selection: -

ag.com/en/lumimax/products/art
LUMIMAX 2.050,00 € LBSOOFL-48x19-W-220 Int ited 20-220 & .
earate " 90x22 (359 w/m2 @ 0.5m {lec-bar-lights-1/1b500f1-48x19-1
220-7553.html

Linear, spot, or Area-based led? |

890,00 € g B 210x90 . tech.com/wp-
140000 ¢ Arealood MB-FLD External (540,00 €) Flash/Const. 2us—60ms  up to 50kHz X J80rgo 600,000 Lux 1 content/unloads/2010/04/MH

FLD PDS-v20190528.pdf

. .
Constant, switch, flash light? \ —
I o -
1 ] g . Metaphase Area Front X Integrated Constant | Need external controler for 2 e a4 tech.com/wp

flash content/uploads/2018/03/MB
FL_PDS-v20190611.pdf

LUMIMAX 525,00 € Mini Bar LSB200FL-48x19-W  External (335,00 €) Flash/Const. 100 ps 10-35-100 Hz 195x15 140 w/m2 @ 0.5m \

Metaphase

https://www.metaphase-

- - Need external controller for tech.com/wp-
t t > Metaph i Y I : ; )
N I R Or Wh I e | I h etaphase ntegrated Constant fash 140-3100 1.5 million Lux contam/uploadef2015/03/MB
. ClLL PDS-v20191014.pdf

https://www.metaphase-

Long Range g tech.com/wp-
I nte g rated O r exte rn al CO ntro | | e r ? Metaphase P, LRS608 Integrated Flash  2:250ps  uptoSOkH: 160 % 160 et bl e

DS-v20190605-.pdf

Size (FOV) of the LED? 15°, 30°, 50°7? ot seme: ST : B g

Gardasoft https://www.stemmer-

WO rki n g d istan Ce? < 1 m ’ > 3 m ? E?::;::; 400,00 € * [C"::r;‘;i 1 channels - . imaging mmler:L;(:;i ucts/gardas

High Speed
and High- http:/fwww.gardasoft.com/LET

Gardasoft
(Stemmer 1,800.00 € Power TR-HT220 2 channels 20ps-5s 3 Contrallers/TR-HT,

Number of LEDs? 10, 8, 5? a

https://www.baslerweb.com/en
P ducts/vision-components/basle

BASLER ! SLP Strobe 121040 2 Flash/Const. S0ps - 5ms ducts/vision-components/basle
Controller lighting/basler-slp-strobe-control

Max. flash rate? 1000, 100, 30, 1 Hz?

Required pulse width? Microseconds, milliseconds, seconds? “

Cost?
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Challenges related to data collection

o Synchronization:

Software Trigger

LED Controller

y

Between cameras? Hand-made sync. unit p -y '

Between the cameras and LEDs? LED controller

Trigger input? Primary camera
Pulse width? 200-250 ps mm) To avoid Motion blur (in speed of 60-65 km/h)

Triger rate? 5-10 Hz mm) Limit of USB band width and storage unit

5 Output

Ethernet Interface

ﬂ .
! Controller , " LED 1
- [

B IED2

| @ Trigger Input
Power Supply : d Primary Camera

1 L 5 .
|
e —r—| . .
o = =
E . -
. USB3.0 Interface
Em )

PCle host controller

Secondary Camera

Computer and Storage Units

Synchronization unit
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Challenges related to data processing

o Required Calibration:
» Single calibration for interior orientations

» Geometric calibration for exterior orientations (EOS)
o Low illumination and texture-less environment make the image
alignment difficult for Pix4D and Agisoft Metashape.

« Solution: Estimate Eos based on the tunnel’s coordinate system.

b) Sparsé point cloud using initial EQs

5
= 8
3 3
8

500

Z (millimeters) X (millimeters)
milli

Low illumination and
textyre-less .environment
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Challenges related to data processing

o Point Cloud Fusion:
» Processing scenarios: ring-wise, strip-wise, or block-wise?

» Fusion: image-based, EO-based, or point-based?

block 1 block 2

Ring wise Strip wise Block wise

Block #1 Block #3

Fusion Scenarios

EO-based i =

image-based

.

point-based I ?

00000
200000
200000
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DeepLab -v3+ model

Challenges related to data processing (Rocoder ﬁ\ @ Chen, etal, 2018)

/ [_im—b/
o Image DCNN lﬁgg%'"} —
o Generate datasets for training the DeeplLab: g (Awuscow ) | m S

e | < ESD-f Mif-a=
1. Data collecting manually }F\/ < F"_‘;W—» |
rate 18

2. Image labeling manually = »i, @

Pooll

Low-Level

3. Data augmentation automatically Dewder UWL

Features

Prediction

e - f)- M»ﬁ»@»ﬁw

https://éi.qooqlebloq.com/2018/03/semantic-imaqe-seqmentation-with.htmI

« Damage classes: § P * Object classes:

. crack L traffic signs

« spalling ' Wiy® lamp, lights

* rust camera

axial fan

traffic light
cable
alarm speaker
air vent
electronic box



https://ai.googleblog.com/2018/03/semantic-image-segmentation-with.html
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Training datasets for damage detection




Hochschule fur Technik Stuttgart

-
@
=
c
(@)
@
&)
)
| -
=
&)
)
O
o
| S
@
Y
99
+J
)
V)
M
)
©
©
(@)
c
-
©
S
T




Hochschule fur Technik Stuttgart

Primary results of crack detection

@ Viscan
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Future Works
o System construction for real tunnels
o Performance evaluation of the system

o Deeplab training and evaluation for object recognition
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Thanks for your attention




