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Highlights of Presentation  
 Changing Data Collection Methods at MTO 
 More Objective Pavement Evaluation and 

Condition Assessment Reporting 
 Practical Applications of the Data Collected 
 Ongoing Process for Validating ARAN Outputs 
 Summary and Discussions 
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Changing Data Collection Methods  
 Before 1970’s: Manual or Visual Collection of Pavement 

surface distresses, rutting, riding quality data 
 After 1980’s:  

 PURD and ARAN to collect Riding Quality  
 Manual methods for rutting and surface distresses  

 After 1990’s  
 ARAN to collect Riding Quality and Rutting data  
 Manual methods for surface distresses  

 After 2000’s  
 ARAN to collect Riding Quality and Rutting data  
 Manual and semi-automated methods for surface distresses  

 After 2010’s – Fully automated/objective data collection   
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Four Generations of MTO ARAN System 
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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  

 



October 29,  2003 

 
 Ministry of Transportation 

 

   i = distress type i 
 wi = weighting factor assigned to distress i 
  si = severity of distress i  
  ei = extent of distress i 
 
There are about 15 individual distresses 
 
The DMI was reported on pavement sections 
ranging from 500 to 500,000 meters in the past 

Distress Manifestation Index (DMI) 

DMI  = Σwi (si+ei) 
15 

i=1 
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Current MTO ARAN/LCMS 

 Is able to identify and report 8 individual distresses 
with 6 quantitative metrics at every 10 meters 

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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 Distresses not be identified by ARAN 
• 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 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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MTO ARAN Data Collection and Process Workflow 

ARAN 

Files 

Data 
Importer 

Processing 
Database 

(MS SQL Server) 

Web Deployment 

Vision Software 
Data viewing 

Data management 
Post-processing 

(Events, Sensor Data, Distress) 
Reporting 

Published 
Database 

iVision Software 
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 Zones Defined for Distress Data 
Collecting, Evaluation and Reporting 
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 Pavement Distress Index (DMI) 
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Calculation of DMI Defined in MTO ARAN 
 With 3 separate calculations yielding 3 DMI values for each 

classified DMI subcomponents, an overall DMI value is calculated 
in the following formula: 

 
 
 

 
 

(where A/B/C are factored in such as A + B + C = 1) 
 

 Adjustable series of a / b / c weighting factors were examined for many 
scenarios by using 2013 ARAN data.  DMI module such as 0.40 / 0.40 / 
0.20 was used for long/trans/gator cracking, and 0.80 / 1.00 / 1.00 was 
used for the severity distinction calculation component (slight, moderate 
and severe). 

 

( ) ( ) ( )gatortranslong DMIcDMIbDMIaDMI ×+×+×=
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Pavement Condition Index (PCI) 
 A PCI value ranges from 0 to 100, with 100 representing perfect 

pavement condition, and 0 representing the poorest condition 
 

 PCI is a function of IRI, DMI, RUT independent variables and it is 
calculated as: 

 
 
 
 

(where α, β  and γ are coefficients such that α + β + γ = 1) 
 
 
 The weighting factors are analyzed to adjust PCI values in 
consideration of historical pavement performance values 

( ) ( ) ( )RUTDMIIRIPCI ×+×+×= γβα
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Overview of Formulae Developed 

( ) ( ) ( )scaledscaled RUTDMIIRIPCI ×+×+×= 10.020.070.0
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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 

17 

MTO ARAN System Functions  

ARAN-9000  iVision 
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Example of Web Deployment Software (iVision) 
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Sample Reports Generated by ARAN/LCMS Vision  
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 Image and Reporting Data by ARAN/LCMS Vision 
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Data Collection Applications  
 Before 2013 

 Pavement management at network Level (for projects planning 
and budgeting) 

 Data summarized and reported by pre-defined sections 
(ranging from 500 meters to 500,000 meters) 

 After 2013 
 Pavement management at network Level 
 Data Accessed by MTO Functional Offices or Users via iVision 

Web-browser Program (project level) 
 Management of 7 Year Performance-based maintenance 

contracts (Maintenance and Rehabilitation Programs) 
 Data summarized and reported by 50 meters 
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Pavement Performance Reporting 

1. All individual distresses and performance indices 
(IRI, DMI, RUT and PCI) are to be reported in 50 
meter intervals 

2. All individual distresses and performance indices 
(IRI, DMI, RUT and PCI) are to be reported in every 
500 meters for warranty projects 

3. All individual distresses and performance indices 
will be monitored and reported in 150 meters to 
manage performance-based long-term 
maintenance contracts 
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IRI at 50m per Section 

23 
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IRI at 500m per Section 

24 
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IRI at 3000m per Section 

25 
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IRI at 10000m per Section 

26 
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Data Validation Testing Sites 
 Patrol yard used to verify and validate 

individual distresses reported manually vs 
ARAN/LCMS 

 Highway used to compare evaluation report 
on Rutting and individual distresses 

 Artificial Saw-cut cracks used to verify 
distress classification and evaluation 
reporting     
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Due to time constraint, 90 m 
was evaluated without zones. 
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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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Summary of MTO Data Collection  
 Moving towards fully automated data collection and 

evaluation of pavement conditions at network level 
 More objective assessment of  pavement condition 

indexes (IRI, DMI, RDI, PCI) becomes available for 
pavement management 

 Extended applications to manage quality of 
performance-based long-term pavement 
maintenance contracts 

 Improving maintenance and rehabilitation (M&R) 
treatments programming and investment planning in 
more reliable, expeditious and cost-effective manner  
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QUESTIONS? 
 

Li Ningyuan 
Ontario Ministry of Transportation 

Li.Ningyuan@ontario.ca 
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