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Extent of CCTV-Inspection in Germany (ATV/DWA survey 2 001)
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� annual inspection volume: 45,000 – 50,000 km

� annual inspection costs: ∼∼∼∼250 million €/a
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Quality of inspection
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

• Inspection interval: 
10 months

• “Additional damages”: 
• Corrosion over the total sewer section length
• different lower segments and axial displacements
• lacking pipe pieces at the pipe joints

Mü3
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Quality of inspection
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� real condition class of a sewer section is with a probab ility of 
95 % within a confidence range of approx. ±±±± 2.6 CC around the
condition class determined
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Quality of inspection
Background  ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

Determination of conditionDetermination of the condition 

� Conclusion

Asset
Management
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Outlook: automatic description of the condition
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

Development and testing of a digital picture recogniti on and 
picture processing procedure for objective determination

of the condition of sewer systems
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Inspection System
Veranlassung ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary



LESAM 2007, Lisbon

Fundamentals
Veranlassung ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Data management
• Data base sewer

- Post-sighting of records
- New entry of section damage

- Entry of joint position

• Data base picture
- Generation of single pictures

- Positioning of picture contents
- web-based data base
- fundamental picture-technical treatment or

elimination of perturbations
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Fundamentals
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Creating single pictures
• Perspektive
• Unfolded View
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Fundamentals
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Redundant data
• fourfold datavolume, but
• quick access

Original
processing
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� Web-based data base

Fundamentals
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary
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Methodology
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

Groundtruth (single pictures of sewer sections)

Pipe Detection of joints

without optical findings

with optical findings

Connections
Pipe stubs

damaged
without
damage

Damages
opt. irregularities

Definition and classification
of the damages
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Fundamentals
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Elimination of perturbations
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Fundamentals
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� Elimination of perturbations



LESAM 2007, Lisbon

Detection of joints
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Ideal joint
• separate
• clearly limited
• constant

from the top to the bottom
• thin
• dark
• vertical
• straight line
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Detection of joints
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

SingleSingle , , limitedlimited , , constantconstant , , thinthin , , darkdark straightstraight lineline ??
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Detection of joints
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

Single, Single, limitedlimited , , constantconstant , , thinthin , , darkdark straightstraight lineline ??
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Original

Detection of joints
Background ���� Picture recognition algorithms for recognition of the co ndition of sewer systems ���� Summary

� Approach for solution
Sliding Window
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FFT filter

Canny gradient
x-direction

Detection of joints
Background ���� Picture recognition algorithms for recognition of the co ndition of sewer systems ���� Summary

� Approach for solution
Sliding Window

„long edges“
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Original

FFT-Filter

Canny-Gradient
x-Richtung

Kantenlängen-
Filter

Detection of joints
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Approach for solution:
Sliding Window
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Detection of joints
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Results
• Data basis

- 322 randomly chosen sewer sections
- 9.241 pipe joints

• Recognition performance:
- 9.194 joints were recognized correctly
- 47 joints were not recognized (false-negative)

- 33 „Non“-joints (false-positive)

• Recognition rate: 99.49  %
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Detection of connections
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary
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� Multi-scale analysis
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� Multi-scale analysis
• Scale 0
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� Multi-scale analysis
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� Multi-scale analysis
• Scale 15
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Detection of connections
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� Multi-scale analysis
• Scale 32
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Detection of connections
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Multi-scale analysis
• Classification
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Detection of connections
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Results
• Data base

- 322 randomly chosen sewer sections
- 437 connections

• Recognition performance:
- 369 connections were recognized correctly
- 68 connections were not recognized (false-negative)

- 37 „Non“-connections were recognized (false-positive),
30 of which in the area of the joints

• Recognition rate: 84.4 % (98.1 %)
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Detection of areas with optical findings
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Flow trace detection
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Detection of areas with optical findings
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Detection of damage-free areas by means of entropy
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Detection of areas with optical findings
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Detection of damage-free areas by means of entropy



LESAM 2007, Lisbon

…an Example of Visualization
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary
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Current Status
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

Groundtruth (single pictures of sewer sections)

Pipe Detection of joints

without optical findings

with optical findings

Connections
Connecting pieces

damaged
without
damage

Damages
opt. irregularities

Definition and classification
of damages
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Further Action
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Analysis of edge pictures for the detection of cracks
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Further Action
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Analysis of perspective View
• horizontal or vertical displacements
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Further Action
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Analysis of perspective View
• blockings / roots
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Summary
Background ���� Picture recognition algorithms for determination of the condition of sewer systems ���� Summary

� Fading out of damage-free areas is possible with a high 
quality

� …a numerical example…
• 718 sewer sections
• 19,068 pipes
• 9,318 pipes without optical findings
• 9,750 pipes with optical findings
• 1,382 pipes with damage-free connection

• 8,368 pipes damaged
• 10,700 pipes damage-free (= 56 % of the pipes)
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Intensive Intensive damagedamage analysisanalysis insteadinstead of of 
expensiveexpensive searchsearch forfor damagesdamages


