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Highlights of Presentation 

 Overview of MTO ARAN System Functions
 Pavement Distress Data Collection, Process  and 

Reporting by ARAN
 Distress Detection and Classification
 Distress Evaluation and Severity Rating
 Performance Assessment Reporting (Visions) 

 Verification Sites for Validating ARAN Outputs
 ARAN Applications to Ontario Provincial Pavement 

Management at Both Network and Project Levels
 Technical Issues and Discussions
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Four Generations of MTO ARAN System
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 High-speed collection of road location and condition 
data
 Right of Way Asset Data Collection - Road Asset 

Management 
 Pavement Surface Profiles - IRI and RUT
 Pavement Distresses – LCMS Integration 
 Road Location – GPS and Map
 Performance Assessment Reporting 

 Automatic Process of Integrated Pavement Location 
and Condition Evaluation Data – Vision Software

 Analysis Result Data Generating and Reporting –
iVision Website

4

MTO ARAN System Functions

Roadware iVision
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MTO ARAN Data Collection and Process Workflow
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Pavement Condition 
Rating Manuals 
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DMI Components 

• There are between 13 and 16 individual distress components 
depending on pavement type, which is grouped into three 
categories:
− Deformation
− Surface Distresses
− Cracks 
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i = distress type i
wi = weighting factor assigned to distress i
si = severity of distress i 
ei = extent of distress i

The scale of DMI is ranged from 0 to 10

Distress Manifestation Index (DMI)

DMI  = wi (si+ei)
15

i=1
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MTO ARAN/LCMS Capabilities 
• The ARAN/LCMS identifies and reports 8 individual distresses, and 

provides evaluation results with 6 quantitative Metrics for a given 
highway section, at every 10 m pavement section

• Eight Individual Distresses:

1. Midlane Single & Multiple Cracking

2. Single & Multiple Pavement Edge Cracking

3. Longitudinal Wheel Track Cracking

4. Single & Multiple Transverse Cracking

5. Centre Line Single & Multiple Cracking

6. Centre Line Alligator Cracking

7. Wheel Path Alligator Cracking

8. Alligator Pavement Edge Cracking

• Quantitative Metrics

1. Extent (m)

2. Count

3. Area (m2)

4. Length (m)

5. Width (m)

6. Transverse Extent (m)
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Zones Defined for Distress Data 
Collecting, Evaluation and Reporting

Anchor Point Anchor Point

M WP
1

WP
2

E2E1

0.3 m 1 m 1 m 0.3 m1 m

3.6 m x 2  

Anchor points can be either on edge or centreline and they can be 
allocated by ARAN. 3.6 m wide pavement image is used for 
evaluating pavement conditions 
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Zones Defined for Distress Data 
Collecting, Evaluation and Reporting
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Which distresses can’t be identified
• Of the 15 individual distresses 

known to effect AC pavements 
the ARAN registers eight

• Ravelling and Course 
Aggregate Loss, Distortion, and 
Flushing have been omitted. 
Texture data is collected but not 
readily usable

• Map and random cracks are re-
classified as alligator cracks

• Rutting data will be used as an 
independent component in PCI 
Calculation

Individual Distresses for
Asphalt Concrete (AC) Pavement

ARAN/LCMS
Capability 

Ravelling and Coarse Aggregate Loss x
Flushing x
Rippling and Shoving x
Wheel Track Rutting ✓
Distortion x
Longitudinal Wheel Track: Sing. / Multi. ✓
Longitudinal Wheel Track: Alligator ✓
Longitudinal Meandering and Midlane ✓
Transverse: Half, Full and Multiple ✓
Transverse: Alligator x

Centreline: Single and Multiple ✓
Centreline: Alligator ✓
Pavement Edge: Single and Multiple ✓
Pavement Edge: Alligator ✓
Random/Map x
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An Example of Reporting Quantitative Metrics for 
an Identified Distress by ARAN/LCMS 

Identification Metrics Slight Moderate Severe
Count 2 1 1
Crack Area (m2) 1.59 1.44 0.23
Length (m) 5 3 2.5
Extent (m) 2.6 1.8 1.5
Transverse Extent (m) 1 0.8 0.5
Width (m) 0.004 0.012 0.025

• When multiple cracks of the same type are evident then aggregation is 
applied to sum the identified distresses occurs in different severities.

• Crack length and area are summed, crack width is averaged. 

• Count represents the number of cracks identified. For alligator 
cracking, count represents the number of times the distress appears.
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• LCMS – Calculates Rutting in Both Wheel Paths 

LCMS Capabilities and Applications

•Determines Crack, Width, Depth, and Extent.
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Sample Images of Pavement Distresses Taken 
from ARAN/LCMS
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LCMS- Crack Detection & Classification
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Classification of Cracking Types

• There are 3 detected crack types:
• LONG
• TRANS
• GATOR

• Cracks are classified and rated
• Configurable parameters:

• Crack width
• Crack density
• Rating rules
• Summarization rules

Example of manually-drawn crack
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Flow Chart of ARAN Data Process

Analysis by Vision Software
Network Definition

ARAN Collection

Segmenting

Batch Processing

Analysis

Reporting

PMS2
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Example of Web Deployment Software (iVision)
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Sample Reports Generated by ARAN/LCMS Vision 
Software 
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Integration of Pavement Image and Data 
Process Reports by ARAN/LCMS Vision
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Highlights of Presentation 

 Overview of MTO ARAN System Functions
 Pavement Distress Data Collection, Process  and 

Reporting systematically by ARAN
 Distress Detection and Classification
 Distress Evaluation and Severity Rating
 Performance Assessment Reporting (Visions) 

 Verification Sites for Validating ARAN Outputs
 ARAN Applications to Ontario Provincial Pavement 

Management at Both Network and Project Levels
 Technical Issues and Discussions
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The 90 m section of pavement had many light, 
moderate and severe cracks. Several individual 
evaluations were recorded so that the average 
data could be used for comparison.
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Disagreements on the method of evaluation, Due to 
time constraints, the 90 m was evaluated without 
zones.
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Section 1 (90 m) Summary

Data:

Type Severity
Longitudinal Light 0 0.21 0 0.33 0 0.38 0 0.00 0 0.95 0 0.00 0 0.26 0 0.00 0 0.00 0 0.00

Moderate 0 0.17 0 0.39 2 0.32 10 0.00 3 0.00 2 0.49 6 0.00 14 5.79 0 0.00 0 0.00
Severe 0 0.00 0 0.00 0 0.00 0 0.00 7 0.00 1 0.00 5 0.00 0 0.00 10 1.49 0 0.00

Transverse Light 0 1.70 0 0.52 0 0.27 0 1.62 0 0.37 0 0.65 0 0.85 0 3.07 6 0.00 0 0.00
Moderate 6 2.10 0 0.00 0 0.00 2 0.00 0 1.31 0 1.72 0 1.52 6 1.90 9 0.00 0 0.00
Severe 6 0.00 3 0.00 0 0.00 0 0.00 0 0.00 6 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Alligator Light 0 0.86 0 0.00 0 0.08 0 0.16 0 0.16 0 0.00 0 0.00 0 0.05 0 0.00 0 0.00
(Area) Moderate 25 0.08 0 4.54 0 0.54 0 1.83 0 2.07 0 0.08 0 0.48 7 0.00 4 0.01 0 0.00

Severe 0 0.00 29 2.39 31 0.15 25 0.36 29 0.01 22 0.01 14 0.01 0 0.00 0 0.00 0 0.00
*Organized by crack type and section
Totals:

Longitudinal 0.00 0.34 0.00 0.66 2.00 0.62 10.00 0.00 11.40 0.76 3.20 0.49 12.00 0.21 14.00 5.79 12.00 1.79 0.00 0.00
Transverse 13.20 3.45 3.60 0.42 0.00 0.22 2.00 1.30 0.00 1.60 7.20 2.24 0.00 2.20 6.00 4.36 13.80 0.00 0.00 0.00
Alligator 13.20 3.45 35 7 37 1 30 2 35 2 26 0 17 0 7 0 4 0 0 0

102 75 6
Sections                                                                                                                                      Sections 

3 81 4 9

Black text = Manual

Red text = ARAN

DMI:

Longitudinal 100 96 100 93 78 93 0 100 0 92 65 95 0 98 0 36 0 80 100 100 44 88
Transverse 0 0 0 86 100 93 33 57 100 47 0 25 100 27 0 0 0 100 100 100 43 53
Alligator 53 74 0 0 0 73 0 20 0 26 8 99 38 84 74 99 87 97 100 100 36 67

51 59 30 54 53 85 10 55 30 52 22 75 45 71 30 50 35 93 100 100 41 69

Sections                                                                                                                                         Sections 
Overall107 863 941 2 5
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Section 3 (67 m) Summary

DMI:

Longitudinal 71 86 65 86 89 86 42 81 100 95 100 100 0 97 0 100 43 92
Transverse 0 72 27 72 27 72 0 63 100 70 100 100 100 4 0 100 44 62
Alligator 61 100 86 100 82 100 60 97 100 100 100 100 38 100 74 100 70 99

46 87 62 87 68 87 37 82 100 90 100 100 45 70 30 100 54 86

3
Sections                                                                                           Sections 

1 (Group) 21 (Jason) 1 (Lynn) Overall6 74 & 5

Black text = Manual

Red text = ARAN

Data:

Type Severity
Longitudinal Light 2 1.54 2 1.54 0 1.54 4 1.80 0 0.00 0 0.00 0 0.32 0 0.00

Moderate 1 0.00 2 0.00 1 0.00 2 0.25 0 0.45 0 0.00 6 0.00 14 0.00
Severe 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 5 0.00 0 0.00

Transverse Light 2 1.04 0 1.04 0 1.04 2 1.40 0 1.12 0 0.00 0 3.59 0 0.00
Moderate 5 0.00 1 0.00 1 0.00 1 0.00 0 0.00 0 0.00 0 0.00 6 0.00
Severe 4 0.00 1 0.00 1 0.00 1 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Alligator Light 0 0.02 0 0.02 0 0.02 4 0.02 0 0.00 0 0.00 0 0.01 0 0.00
(Area) Moderate 6 0.00 4 0.00 5 0.00 0 0.00 0 0.00 0 0.00 0 0.00 7 0.00

Severe 1 0.00 0 0.00 0 0.00 7 0.05 0 0.00 0 0.00 14 0.00 0 0.00
*Organized by crack type and section
Totals:

Longitudinal 2.60 1.23 3.20 1.23 1.00 1.23 5.20 1.69 0.00 0.45 0.00 0.00 12.00 0.25 14.00 0.00
Transverse 11.06 0.83 2.20 0.83 2.20 0.83 3.96 1.12 0.00 0.90 0.00 0.00 0.00 2.88 6.00 0.00
Alligator 11.06 0.83 4 0 5 0 11 0 0 0 0 0 17 0 7 0

2
Sections                                                                                                                                      Sections 

1 (Group) 71 (Jason) 1 (Lynn) 63 4 & 5

Note: Sections 4 & 5 were locations of new pavement and thus had 
minimal distresses. Both manual and ARAN have evaluated it as 
distress free. Section not included in overall DMI.
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Right (ARAN) Manual  Left (ARAN) Manual

3.99 X 2.26 X

4.00 X 2.25 X

3.95 2.00 2.10 3.00

4.51 2.00 1.76 3.00

5.80 5.00 2.27 3.00

6.091 5.00 2.39 3.00

4.705 3.00 1.95 3.00

4.09 4.00 2.34 3.00

4.94 3.00 2.37 3.00

4.46 4.00 2.76 3.00

Ruts Measured on Right and Left Wheel Paths
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QUESTIONS?

Li Ningyuan
P&F Section, MERO

Li.Ningyuan@ontario.ca


