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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,

• Road tunnels

• Railway tunnels

• Underground tunnels

o Requirements:

• Safety managements

• Proper maintenance and renovation 

• Regular inspection

• Tunnel inventory
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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

• Automatic data collecting and processing @Chapman, 2016

@Terra@Huang, 2017 @Jiang, 2019
Global, Automatic, Low-cost ! 

@Dibit

@Ricoh

@Dibit
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Project ABOUT

o Cooperation project between companies and research facilities

o Partners: Viscan Solutions GmbH - Stuttgart University of Applied Sciences, 

Department of Surveying

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

using Pix4D Cloud based on Deep Learning

3D reconstruction Damage detection Object recognition

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%



Hochschule für Technik StuttgartHochschule für Technik Stuttgart

Main Components

o Area scan machine vision (high speed) cameras

o High power flash LEDs

o Synchronization unit

o LED controller

o Modular Platform

Synchronization 

unit
MV Cameras

LED Controller

LED
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Main Working Packages

Preparation Phase

Camera Selection 

& Settings

Local Calibration

Camera Installation 

(Sys. 1)

Geometric 

Calibration

Visual 

cameras

Light sources

Acquisition Phase

Vehicle Installation 

(Sys. 2)

Sys. 1

Anti vibrator

Storage units

Control unit 

(Computer)

Odometer

Vehicle

Data Processing Phase

3D Reconstruction

RGB images

POS param.

Calibration 

param.

GPU/ CPU

Camera frame

Syn. Unit
Storage unit

Pix4D software

3D point cloud

Mosaic 

ortho-photo

Object/Crack Detection

RGB images

Pre-trained Nets

Training 

datasets

GPU/ CPU

Storage unit

DL toolboxes

Classification 

maps

Trained Nets

Field Calibration

Camera hub
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Challenges related to data collection

o Camera Selection:

• Line scan or Area-scan camera? 

• Rolling shutter or Global shutter?

• Small format or Large format?

• CCD or CMOS?

• Small buffer or Large buffer?

• GigE or USB 3.0 interface?

• Number of cameras? 10, 8, 5?

• Angle between cameras? 36, 45, 56?

• Required lens? 6mm, 12mm, 20mm?

• Required radiometric resolution? 8, 10, 12, 24, 32 bit? 

• Required shutter speed? Microseconds, milliseconds, seconds?

• Cost?

• …
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Challenges related to data collection

o LED Selection:

• Linear, spot, or Area-based led? 

• Constant, switch, flash light?

• NIR or White light?

• Integrated or external controller?

• Size (FOV) of the LED? 15, 30, 50?

• Working distance? <1m, >3m?

• Number of LEDs? 10, 8, 5?

• 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:

• Between cameras? Hand-made sync. unit

• Between the cameras and LEDs? LED controller

• Trigger input? Primary camera

• Pulse width? 200-250 μs

• Triger rate? 5-10 Hz

Synchronization unitLED Controller

To avoid Motion blur (in speed of 60-65 km/h)

Limit of USB band width and storage 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.

Low illumination and 
texture-less environment 



Hochschule für Technik StuttgartHochschule für Technik Stuttgart

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?

Ring wise Strip wise Block wise

image-based

EO-based

point-based

Fusion Scenarios
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Challenges related to data processing

o Generate datasets for training the DeepLab:

1. Data collecting manually

2. Image labeling manually

3. Data augmentation automatically

@ Chen, et al, 2018

• Damage classes:

• crack

• spalling

• rust

• Object classes:

• traffic signs

• lamp, lights

• camera

• axial fan

• traffic light

• cable

• alarm speaker

• air vent

• electronic box

DeepLab-v3+ model

https://ai.googleblog.com/2018/03/semantic-image-segmentation-with.html

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



Hochschule für Technik StuttgartHochschule für Technik Stuttgart

Training datasets for object recognition
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Image Prediction

Primary results of crack detection

Image Prediction

@ 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 

o Transfer the results to CAD models (BIM)

@ Revit 2021
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Thanks for your attention


