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IRI Algorithm 
The IRI algorithm is well-defined in “Guidelines for conduc�ng and calibra�ng road roughness 
measurements” by Sayers et al. (1986) (note: the World Bank’s cita�on was incorrect with Gillespie as 
the lead author.)  

The majority of IRI users may not be familiar with the algorithm, which may be due to its complexity and 
solu�ons. Therefore, some important aspects of IRI may not be well understood. 

IRI is a mechanical model and acts like a band pass filter. The core model is the “golden” quarter-car 
model that was calibrated and tuned by Sayers in the 1980’s. Therefore, the model’s parameters and 
simula�on speed were fixed.  

The “250 mm filter” in the IRI algorithm is a moving average filter that acts like a �re-enveloping filter. 
This filtering needs to be applied to pavement profiles before running the IRI’s quarter care model with 
the following excep�on: 

• The profile was previously low-pass filtered (an�-aliasing) or smoothed. 
• The profile was collected using a mechanical device such as a walking profiler with a rigid beam 

between the two measurement points/wheels. 

Selec�ng or de-selec�ng the “250-mm filter” would affect the IRI values. See the following example. 



 

Figure 1. Effects of the 250-mm Filtering on IRI. 

There is also a “stabiliza�on length” that not many people know about. The IRI model requires 11 m to 
ini�alize the quarter variables. See the following text and equa�on (3) in WTP 46. 

 

Figure 2. A Stabilization Length of 11 m is required for the IRI Model (Sayers et al. 1986) 

Considering IRI as a response system, it would also take some lag distance to react to a surface 
disturbance in addi�on to the “stabilizing length”. Therefore, IRI will be slightly different between 
iden�cal profiles if one of them has an offset (i.e., the IRI model response starts at different loca�ons). 



Then, such offset influence will dissipate a�er a distance, depending on the profile features and 
magnitudes of undula�ons. See the following IRI code and report examples for further details. 

IRI Code 
Sayers et al. (1986) included the IRI code in Basic. The “golden IRI code” that are widely used or adapted 
from the Fortran code in ASTM E1926 Standard Prac�ce for Compu�ng Interna�onal Roughness Index of 
Roads from Longitudinal Profile Measurements. The “golden IRI-code” was corrected and validated by 
Chang and Karamihas for the ASTM 1926 revision in 2008 as E 1926-08. The standard was reapproved in 
2021 without further changes as E 1926-08 (2021). 

The correc�on of the “golden IRI code” in 2008 was important since there were some typos in the 
previous IRI-related publica�ons and code errors. The same code (in Fortran 90 version) is used in 
ProVAL. 

 

Figure 3. BASIC Code for the Stabilization Length of 11 m required for the IRI Model (Sayers et. al. 1986) 

 

Figure 4. FORTRAN Code for the Stabilization Length of 11 m required for the IRI Model (ASTM E1926-08) 

Also, any implementa�on of IRI code or so�ware needs to pass the test with the tripulse example in 
ASTM E1926 with the correct results of 4.36 m/km. See the following ProVAL 4.0.63 results for both the 
World Bank and ASTM 1926’s tripulse examples (sample interval: 150 mm. Length: 15 m). 



 

Figure 5. Tripulse example files from World Bank and ASTM. 

 

 

Figure 6. IRI results of the Tripulse example files from World Bank and ASTM. 

 



IRI Repor�ng 
The IRI repor�ng requires averaging with appropriate base lengths, as described in Sayers (1990). For the 
ride quality report, the adequate base length is 0.1 mile (528-�). For localized roughness, the baselength 
is 25-� (as in AASHTO R54) – though Sayers recommended 20-� in Sayers (1990). 

The averaging effects need to be considered when se�ng threshold values (Sayers, 1990). For example, 
60 in./mi. for 0.1-mile ride quality full-pay and 120 in./mi. for 25-�-moving averaged localized roughness. 

The majority of ride quality reports are in the ProVAL fixed interval form. The averaging is applied within 
the baselength (0.1-mile) a�er the required processing, as detailed in Sayers (1990). However, there may 
be a slight issue when the profile was collected with offset start points (e.g., 10 m) and the baselength is 
short (e.g., 10 m instead of 100 m) due to “stabiliza�on length” and “dissipa�on of disturbance” of the 
IRI model responding to the ini�al areas of the profiles. 

The following examples illustrate the differences by using a modified ProVAL Workshop’s Ride Quality 
example (03_Ride Sta�s�cs-mod.pvp). 

100 m Fixed Interval Reports 
The original profile was cropped out the first 100 m. Then, both profiles were compared using 100-m 
fixed ride quality report. 

 

Figure 7. Original Ride Quality profile and cropped by 100-m. 



 

 

Figure 8. 100-m Fixed Interval Reports of the Original Ride Quality profile and cropped by 100-m. 

 

Figure 9. Comparison of the 100-m Fixed Interval Reports of the Original Ride Quality profile and cropped by 100-m- the IRI 
stabilizing and response effect diminishes after 1X100 m segment. 

10 m Fixed Interval Reports 
The original profile was cropped out the first 10 m. Then, both profiles were compared using 100-m fixed 
ride quality report. 

 



 

Figure 10. Original Ride Quality profile and cropped by 10-m. 

 

 

 

Figure 11. 10-m Fixed Interval Reports of the Original Ride Quality profile and cropped by 100-m. 



 

Figure 12. Comparison of the 10-m Fixed Interval Reports of the Original Ride Quality profile and cropped by 10-m- the IRI 
stabilizing and response effect diminishes after 60 m. 

Lengths in ProVAL 
ProVAL handles profile lengths very precisely and reports interval lengths by “snapping” the data points 
to the nearest boundary. That’s why you may see 9.99 m instead of 10 m. (e.g., see Figure 12) 

ProVAL 4.0 uses higher precision than ProVAL 3.61. Also, ProVAL 3.61 will no longer updated, and the 
support for ProVAL 3.61 may be dropped in the near future. All users need to update to ProVAL 4.0.63 or 
later. 

Summary 
• ProVAL’s IRI code is the golden IRI code iden�cal to WTP 46 and ASTM E1926-08. 
• The 250-mm filter choices will affect the IRI results. 
• The profiles need to start at the same loca�ons to be fairly compared. Star�ng at different 

loca�ons with an offset will also affect the fixed interval results within the first 60 m. Therefore, 
users need to use the same star�ng loca�ons or use a long lead-in for at least 60 m (US 
specifica�ons recommend 300 � lead-in for approximately 91 m). 

• The lengths in ProVAL are highly precise. 

References 
Sayers, M., Gillespie, T.; and Paterson, W. (1986); Guidelines for conduc�ng and calibra�ng road 
roughness measurements (English). World Bank technical paper, no. WTP 46 Washington, D.C. : World 
Bank Group. htp://documents.worldbank.org/curated/en/851131468160775725/Guidelines-for-
conduc�ng-and-calibra�ng-road-roughness-measurements 

Sayers, M. (1990) Profiles of Roughness, Transporta�on Research Record, No. 1260, TRB Commitee on 
Surface Proper�es-Vehicle Interac�on (note: it is now TRB AKP50 in 2024). 


	IRI Algorithm
	IRI Code
	IRI Reporting
	100 m Fixed Interval Reports
	10 m Fixed Interval Reports

	Lengths in ProVAL
	Summary
	References

