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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 of tunnels,

• more than 200 tunnels,

• Road tunnels

• Railway tunnels

• Underground tunnels
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Introduction

o Tunnel inspection:

• Monitoring structural reliability

• Monitoring health conditions

• Safety management

• Providing proper maintenance and 

renovation 

• Providing sustainable urban 

transportation infrastructures. 
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Conventional Tunnel Inspection

o Concept:

• On-site inspections using adapted cars

• Laser scanners

• Manual data collection

Local, Manual, Expensive ! 
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Vision-based Tunnel Inspection

o Concept:

• Vision-based systems on the normal vehicles

• Cameras and LED lights

• Synchronized laser sensors

@Chapman, 2016

@Terra

@Huang, 2017

@Jiang, 2019

Global, Automatic, Low-cost ! 

@Dibit, 2019

@Ricoh
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AI-based Inspection

o Concept:

• Image-based segmentation CNNs

• For damage and object detection tasks

Local, Automatic, Low-cost ! 

@Kim, 2020

@Li, 2020

@Kumar, 2021

@Qiao, 2021
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Proposed Method

o Main goal:

• Propose a Machine Vision System (MVS) to capture 

RGB images from tunnel structures.

• Propose CNN-based methods to detect damages 

and objects automatically.

Damage detection

Object detection
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Machine Vision System 

o Camera Selection:
• Line scan or Area-scan camera? 

• Rolling shutter or Global shutter?

• 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? 

• Cost?

o LED Selection:
• Linear, spot, or Area-based LED? 

• Constant, switch, flashlight?

• 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? 

• Cost?
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Machine Vision System 

o Main components:

• Machine vision camera from FLIR Co. (x3)

• Flash LEDs from Metaphase Co. (x3)

• Self-made synchronization (x1)
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Synchronization

o To avoid motion blur and other illumination artifacts

• Between cameras? By Hand-made sync. unit

• Between the cameras and LEDs? By LED controller

 non-synchronized system

✓ synchronized system
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Data Capturing

Cam. 3 the wallCam. 1 the ceiling Cam. 2 the corner

Wagenburg Tunnel 

(Gebhard-Müller-Platz) 

short tunnel

Heslacher Tunnel 

(Hauptstätter Straße) 

very long tunnel

H.O. H.O.
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Data Capturing
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Objects in the Tunnel
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Damages in the Tunnel
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AI-based Image Segmentation

o CNNs:

• DeepLab and U-Net

o Data sets:

https://ai.googleblog.com/2018/03/se

mantic-image-segmentation-with.html

Heslacher 

Tunnel

For 

Training

Wagenburg 

Tunnel
For 

Testing

https://link.springer.com/chapter/1

0.1007/978-3-319-24574-4_28 

~ 800 

raw images

~ 57000 

augmented 

images

https://ai.googleblog.com/2018/03/semantic-image-segmentation-with.html
https://ai.googleblog.com/2018/03/semantic-image-segmentation-with.html
https://link.springer.com/chapter/10.1007/978-3-319-24574-4_28
https://link.springer.com/chapter/10.1007/978-3-319-24574-4_28
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Results

o 3D Model:

•  The image overlap of 23% in the direction of travel and 

35% in the transverse direction are not enough for point 

cloud generation.

• Low illumination and a texture-less environment.  

o Image Segmentation:
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Results

o Object Detection
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Results

o Damage Detection
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Conclusion

o Proposed a data automation approach for object/damage 

detection in tunnels using a combination of machine vision and 

machine learning techniques. 

o The key parameters: the synchronization unit and the geometric 

design of the system so that well-illuminated images with 

sufficient coverage of the tunnel surfaces are captured. 

o The data is used to train two CNNs to extract objects and 

damages from RGB images. 

o The results show that U-Net outperformed the DeepLab model 

with IoUs of 78.6% and 49.3% for object and damage detection 

tasks, respectively. 

o This research is funded by the Federal Ministry for Economic 

Affairs and Energy (BMWi) as part of the ZiM project ABOUT. 

The project partner is Viscan Solutions GmbH (www.viscan.de).

https://www.hft-stuttgart.com/research/projects/completed#subnavigation 

https://www.hft-stuttgart.com/research/projects/completed#subnavigation
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Thanks for your attention
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