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ﬁw Extent of CCTV-Inspection in Germany (ATV/DWA survey 2 001)

Background e °

Tabelle 4: Inspektionsturnus der Kommunen

Inspektionsturnus [Jahre]

Nen-
Objekt Prozentualer Anteil der Kommunen [%] nungen
- [n]

Kanile
= DN 800 7 15
= DN 800 6 21

Schéachte

= annual inspection volume: 45,000 — 50,000 km

= annual inspection costs: (250 million €/a

LESAM 2007, Lisbon



Fw Quality of inspection

Background e

KANALFERNAUGEUNTERSUCHUNG

Institut for Siedlungswasserwirtschaft an der RWTH Aachen
Mies-van-der-Rohe-5Str 1 52056 Aachen Tel.: 0241/80-1

Projekt :

Auftraggeber

Strafe

Kldranlage H Entw.-Bezirk H

Datum : 09.09.1999 11:03 Berichtsnummer 1
Anfangsschacht o 2-16865 Endschacht : 2-16866
Kanalnummer 1 23505 Haltungsnummer : Querum_04
Material : B Durchmesser $ 250 7/ 250
Entwisserung : Regenwasser Haltungslinge 15922 m
Baujahr 1 1958 W.schutzzone D WSZ lla
Untersuchung :in Fliefrichtung Darstellung 1 wie untersucht
Videoband 1424 Berichtsdatei : B300899.TO1
Zustandsklasse : B3 Plannummer 1 0286
Mafistab t 1 500 Blatt 171

STAT. $TRECKE  BESCHREIBUNG

2-16865 G

DH72,48 g
SHTT 44 1,02 Haltungsende

71,44

-4l — 6BRA2 Axialverschiebung linker Kampfer
T~ 5742 Scherbenbildung, Sohle
2-16866 Q\ 58,22 Haltungsanfang

DH72,56
SH71,21

27

SEK-TIFFANY.

HURZUS FOTO  DEQ

004004

4em 123 003323
cm 122 DO3250
002220

[
KANALFERNAUGEUNTERSUCHUNG
Institut fur Siedlungswassenwirtschaft an der RVWTH &achen
Mies-van-der-Rohe-5tr 1 52056 Aachen Tel . 0241/80-1
Projekt :
Auftraggeber
Strafe 5
Klaranlage = Entw.-Bezirk :
Datum © 27.07.2000 1145 Berichtsnummer 2
Anfangsschacht 1 2-16885 Endschacht 1 2-16866
Kanalnummer 1 23505 Haltungsnummer : Querum_04
Material : B Durchmesser 1250 4/ 250
Entwésserung : Regenwasser Haltungslange 1 59,22m
Baujahr © 1958 W.schutzzone T WSZ lla
Untersuchung : in Fliefrichtung Darstellung 1 wie untersucht
Videoband o GOZ0 Berichtsdatei © G130600.T04
Zustandskl B3 Plannummer . 0296
MafBstab 1500 Blatt 141
Sak-TIFRAY
STAT. STRECKE BESCHREIBUNG NUMELS FOTO  WDED
2-16865
DH72,49
g = 1,12 Haltungsende 023115
S § 112 HL 023122
152 4840 Korrosion, Sohle, Starke : 11- 023047
e 212 510 Unterbogen 3cm 023026
\ B,B2 fehl Rokrstuck i Verb Bereich, Gesam 20c2 022946
6,62 HAodalverschiebung Sohle 2cm 022953
722 Unterhogen Jcm 022922
v — 4892 Korrosion, Sohle, Starke : 11- 022401
—-— 568,72 Fodalverschiebung oben M u 1 cm 022311
I 57,72 fehl.Rohrstiick i.Verh.Bereich Gesam 0c2 022228
2-16866 D \ 57,72 Avialverschigbung Sohle 2cm 022241
DH7258 59,22 Haltungsanfang 022138
SH71,21
71,21
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ﬁw Quality of inspection

Background e °
KANALFERNAUGEUNTERSUCHUNG KANALFERNAUGEUNTERSUCHUNG
Institut for Siedlungswasserwirtschaft an der RWTH Aachen Institut fr Siedlungswassenwirtschaft an der RVWTH Aachen
Wies-var-der-Rohe-Str.1 52056 Aachen Tel.: 0241/80-1 Mies-van-der-Rohe-Str 1 52056 Aachen Tel : 0241/80-1
Projekt : Projekt :
Auftraggeber Auftraggeber
Strafe StraBe
K : Entw.-Bezirk A 8 Entw.-Bezirk
Datum : 09.09.1999 1103 Berichtsnummer 1 atum T 27.07.2000 1145 Berichtsnummer B
Anfangsschacht  : 2-16365 Endschacht . 2-16366 Anfangsschacht  : 2-16865 Endschacht : 2-16866
Kanalnummer ;23505 Haltungsnummer  : Querum_04 Kanalnummer 1 23505 Haltungsnummer  : Querum_04
Material H] Durchmesser 1250 / 250 : B Durchmesser 1250 /250
wisserung . Regenwasser Haltungslidnge : 5922 m dsserung : Regenwasser Haltungslénge 1 58,22m
. 1958 W.schutzzone : WSZ llla B W.schutzzone T WSZ llla
Untersuch - Darstellung : wie untersucht Untersuchtl Darstellung : wie untersucht
Videoband 1424 Berichtsdatei : B300899.T01 Videoband o GOZ0 Berichtsdatei © G130600.T04
Zustandsklasse B3 Plannummer 1 0296 Zustandskl :BI3 Plannummer 0296
Mafstab : 1 500 Blatt A MaBstab c 10500 Blatt A
sareerany sar-TRrANY
STAT.  $TRECKE BESCHREIBUNG HUMEZUS FOTO ADED STAT. STRECKE BESCHREIBUNG HUREUS FOTO  “IDEO
2-16885 G 2-16865
DH72,49 g DH72,43 >
SHTT 44 1,02 Haltungsende 004004 BH1 24 e 1,12 Haltungsende 023115
e iy \ 112 HL 023122
152 4840 Korrosion, Sohle, Starke : 11- 023047
e 212 510 Unterbogen 3cm 023026
\ B,B2 fehl Rokrstuck i Verb Bereich, Gesam 20c2 022946
6,62 HAodalverschiebung Sohle 2cm 022953
722 Unterhogen Jcm 022922
| nspection interval:
022401

‘Additional damages’; o
« Corrosion over the total sewer section length
» different lower segments and axial displacements
lacking pipe pieces at the pipe joints
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M Total of sewers [-]

LESAM 2007, Lisbon

ﬁw Quality of inspection

Background e
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ﬁw Outlook: automatic description of the condition

e Picture recognition algorithms for determination of the condition of sewer systems o

Geférdert durch die

* Deutsche Bundesstiftung Umwelt

. ' Braunschwei <
< I . . UMNIVERSITATSKELINIKUM g D B U

@) ' AACHEN

e . 4‘ Deutsche Bundesstiftung Umwelt

Development and testing of a digital picture recogniti on and
picture processing procedure for objective determination
of the condition of sewer systems

LESAM 2007, Lisbon



ﬁw Inspection System

e Picture recognition algorithms for determination of the condition of sewer systems e

LESAM 2007, Lisbon




ﬁw Fundamentals

e Picture recognition algorithms for determination of the condition of sewer systems o

= 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

LESAM 2007, Lisbon



ﬁw Fundamentals

e Picture recognition algorithms for determination of the condition of sewer systems o

= Creating single pictures
* Perspektive
Unfolded View

LESAM 2007, Lisbon



Fiw Fundamentals

e Picture recognition algorithms for determination of the condition of sewer systems o

= Redundant data
 fourfold datavolume, but
e quick access

Original
processing

LESAM 2007, Lisbon



Fiw Fundamentals

phobos.imib.rwth-aachen.de - pipe_code_browser2-1.5 - Mozilla Firefox

e Picture recognition algorithms for determination of the condition of sewer systems o

1.5)

b [2] @]
_ GroundTruth 9241
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ﬁw Methodology

e Picture recognition algorithms for determination of the condition of sewer systems e

Groundtruth (single pictures of sewer sections)

v

Pipe — Detection of joints

v

with optical findings

'

Connections
Pipe stubs

i J
ithout
WIOU damaged

damage

] |
v

Damages

without optical findings : ”
opt. irregularities

'

Definition and classification
LESAM 2007, Lisbon of the damages




ﬁw Fundamentals

e Picture recognition algorithms for determination of the condition of sewer systems o

= Elimination of perturbations

¢

LESAM 2007, Lisbon




ﬁw Fundamentals

e Picture recognition algorithms for determination of the condition of sewer systems o

= Elimination of perturbations

LESAM 2007, Lisbon




ﬁw Fundamentals

e Picture recognition algorithms for determination of the condition of sewer systems o

= Elimination of perturbations

LESAM 2007, Lisbon




Fiw Detection of joints

e Picture recognition algorithms for determination of the

= |deal joint

e Separate
o clearly limited
e constant
from the top to the bottom
e thin
e dark
e vertical

straight line

LESAM 2007, Lisbon

condition of sewer systems




ﬁw Detection of joints

e Picture recognition algorithms for determination of the condition of sewer systems o

Single, limited , constant , thin, dark straight line ?

LESAM 2C




ﬁw Detection of joints

e Picture recognition algorithms for determination of the condition of sewer systems o

Single, limited , constant , thin, dark straight line ?

LESAM 20




ﬁw Detection of joints

e Picture recognition algorithms for determination of the condition of sewer systems o

Single, limited , constant , thin, dark straight line ?




ﬁw Detection of joints

e Picture recognition algorithms for determination of the condition of sewer systems o

Single, limited , constant , thin, dark straight line ?

LESAM 20 . '



ﬁw Detection of joints

e Picture recognition algorithms for determination of the condition of sewer systems o

Single, limited , constant , thin, dark straight line ?

LESAM 20




Fiw Detection of joints

e Picture recognition algorithms for recognition of the co ndition of sewer systems e

= Approach for solution
Sliding Window

LESAM 2007, Lisbon



Fiw Detection of joints

e Picture recognition algorithms for recognition of the co ndition of sewer systems e

= Approach for solution
Sliding Window

. FFT filter

LESAM 2007, Lisbon



ndition of sewer systems
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e Picture recognition algorithms for recognition of the co

FFT filter

Sliding Window

= Approach for solution

ﬁw Detection of joints

LESAM 2007, Lisbon




I

ndition of sewer systems

e Picture recognition algorithms for recognition of the co

. FFT filter

Sliding Window

= Approach for solution

ﬁw Detection of joints
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condition of sewer systems
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-w Detection of joints

e Picture recognition algorithms for determination of the

condition of sewer systems o

= Approach for solution:
Sliding Window
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ﬁw Detection of joints

condition of sewer systems

e Picture recognition algorithms for determination of the

Ion
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ﬁw Detection of joints

e Picture recognition algorithms for determination of the condition of sewer systems o

= 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 %

LESAM 2007, Lisbon



Fiw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

LESAM 2007, Lisbon




ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o




ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

= Multi-scale analysis

=10] xi

Il [Mon-Commercial] - Analyse Dark Objects: 1Z2431.png.png

i

Write Tree cav
‘wite C4.5 Data
S0OM

LESAM 2007, Lisbon PR RiEn e Be




ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems

= Multi-scale analysis
e ScaleO

=10] xi

Il [Mon-Commercial] - Analyse Dark Objects: 1Z2431.png.png

Write Tree cav |

‘wite C4.5 Data
SOM

(169 % 0} (250, 0, 0

LESAM 2007, Lisbon




ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

= Multi-scale analysis
« Scaleb

Il [Mon-Commercial] - Analyse Dark Objects: 1Z2431.png.png : IEIIﬂ

Write Tree cav |

‘wite C4.5 Data
SOM

(863 3 (21, 21, 21)
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ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

= Multi-scale analysis
« Scale 10

Il [Mon-Commercial] - Analyse Dark Objects: 1Z2431.png.png

=10] xi

Write Tree cav |

‘wite C4.5 Data
SOM

LESAM 2007, Lisbon (3 162} [B1, B1, B1) |




ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

= Multi-scale analysis
« Scale 15

Il [Mon-Commercial] - Analyse Dark Objects: 1Z431.png.png

=10] xi

Write Tree cav |

‘wite C4.5 Data
SOM
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ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

= Multi-scale analysis
e Scale 32

Il [Mon-Commercial] - Analyse Dark Objects: 1Z2431.png.png

=10] xi

Write Tree cav |

‘wite C4.5 Data
SOM
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I [Mon-Commercial] -

ﬁw Detection of connections

e Picture recognition algorithms for determination of the

= Multi-scale analysis
Classification

Analyse Dark Objecks:

Scalel21
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condition of sewer systems o
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ﬁw Detection of connections

e Picture recognition algorithms for determination of the condition of sewer systems o

= 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 %)

LESAM 2007, Lisbon



Fiw Detection of areas with optical findings

e Picture recognition algorithms for determination of the condition of sewer systems o

= Flow trace detection

LESAM 2007, Lisbon



ﬁw Detection of areas with optical findings

e Picture recognition algorithms for determination of the condition of sewer systems o

= Detection of damage-free areas by means of entropy

M
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ﬁw Detection of areas with optical findings

e Picture recognition algorithms for determination of the condition of sewer systems o

= Detection of damage-free areas by means of entropy

M
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ﬁw ...an Example of Visualization

e Picture recognition algorithms for determination of the condition of sewer systems o

LESAM 2007, Lisbon




ﬁw Current Status

e Picture recognition algorithms for determination of the condition of sewer systems e

Groundtruth (single pictures of sewer sections)

v

Pipe — Detection of joints

v

with optical findings

'

Connections
Connecting pieces

i J
ithout
WIEnoU damaged

damage

] |
v

Damages

without optical findings : ”
opt. irregularities

'

Definition and classification

LESAM 2007, Lisbon of damages




ﬁw Further Action

LESAM 2007, Lisbon

e Picture recognition algorithms for determination of the

condition of sewer systems

= Analysis of edge pictures for the detection of cracks




ﬁw Further Action

e Picture recognition algorithms for determination of the condition of sewer systems o

= Analysis of perspective View
* horizontal or vertical displacements

Datel Panoramo  Abwicklung Daten  Hife

LESAM 2007, Lisbon



ﬁw Further Action

e Picture recognition algorithms for determination of the condition of sewer systems o

= Analysis of perspective View
* Dblockings / roots

E:.‘ Abwicklung d:',daten ozek'ikas\filme'ozek1-26515 1-26516.ipF

LESAM 2007, LiSbon WWWW




ﬁw Summary

° e Summary

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

= ...a numerical example...
e 718 sewer sections
e 19,068 pipes
« 9,318 pipes without optical findings
e 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)

LESAM 2007, Lisbon
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