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What is this about? 
ŹBackground on the Inertial Profiler 

ŹHardware & Software 

ŹIP Setup & Calibration 

ŹIRI and Localized Roughness 

ŹIRI Grinding Issues 



CALIFORNIA PROFILOGRAPH

� Increasingly Being Put Out to Pasture 
› Some State  DOTs, Mexico, USACE/FAA still allow use 

� Contractors’ Frame of Reference 
› Especially must-grind bumps 



Inertial Profiler

SSf-$ 




IP ANATOMY
Computer 

Profile elevation = JA - H D 

--------::-----~ 

r Computer "-. ·LJI 3. Speed/Distance 
pick-up 

1. Inertial 
Refen.:nce: 

I 
Accclcrmncter: A 

2. Height relative to reference 
(lru er, infrared. or ultra onic . en. or) 



Inertial Profiler: Simple Facts

� Laser for height between vehicle and road 
› Mounted 12-16” (300-400mm) above surface 

� DMI (“Distance Measurement  Interface”) for 
measuring longitudinal position 

� Accelerometer for vertical acceleration 
› Double integration process applied to  accelerometer data to 
effectively eliminate vehicle suspension.  Combine laser and 
DMI data to output a “road profile” 

� “Host Vehicle” 



INDUSTRY STANDARDS

Ź ASTM E950 (defines classifications of surface profiling devices)  
Longitudinal Sampling 

භ �ůĂƐƐ�ϭ͗��ч�25 mm (1 in.) භ �ůĂƐƐ�Ϯ͗����ш�25 mm (1 in.) to 150 mm (6 in.) 

Vertical Measurement  Resolution 

භ �ůĂƐƐ�ϭ͗��ч 0.1 mm (0.005 in.) භ �ůĂƐƐ�Ϯ͗��ш 0.1 mm (0.005 in.) to 0.2 mm (0.010 in.) 

භ Application: A Class I device must collect a valid pavemen t  sample every one-inch (25 mm) 
longitudinally at all collection speeds.   

Ź AASHTO M-328 (Standard  Specification for Inertial Profiler) 

Ź AASHTO R-054 (Accepting Pavement Ride Qu ality  When Measured Using Inertial Profiling Systems) 

Ź AASHTO R-056 (Certification of Inertial Profiling Systems) 

Ź AASHTO R-057 (Operating Inertial Profiling Systems) 



What Does an IP Measure?

� Elevation 
x Subtracts laser height from accelerometer 

displacement 
x “Relative” road profile is result 

� One Inch Sampling Frequency 
x Governed by DMI and distance calibration 

› Cause the speed limitation for inertial  profilers 
› 114 km/hr (74 mi/hr)   *Speed limit 

� GPS Location 
› Independent of elevation measurement (can 

profile w/o GPS) 
› No required resolution by CalTrans 
› Better GPS extremely useful for navigation, feature

 tagging (bridges, stations) and locating ALR 



K E Y  C O M P O N E N T S

ٻ
ٻ

ٻ Mount Hardware  on Host Vehicleٻ Laser  Rangefinderٻٻ
-/+ٻ 5 g Accelerometer ٻ DMIٻ

CCollleclٻ ition CoC mputerٻٻOperatorO   CComputerٻ Custom Softwarٻ  eٻ



H o s t  V e h i c l e s

High Speed Profiler--Front Mountedٻ  Hi t dٻ h S  d P fil R M ٻHigh Speed Profiler--Rear Mountedٻٻ

Lightweight Profilerٻ

 

ٻMid-Mountٻ

ٻ

ٻ



Accelerometers

� ±5g accelerometers commonly used 
� Double integrate acceleration to get

displacement of vehicle 
� Effected by changes in temperature

and elevation 
� Should be mounted directly over laser

beam 
� Calibrate by 0-180-90 Rotation, then Zero 



 
 

 

Lasers – Dots vs. Wide Spots

Ɣ .125”/.5” vs. 4” beam 
Ɣ 5-32 KHz (1”/25 mm samples
at highway   speeds) 
ƔMature Technology 

Ɣ “Single Point” vs. 
Wide Footprint   Laser 
Ɣ All lasers must be 
accurate within 0.01 
inches 



Wide Footprint Lasers

ŹGoal: Minimize  variation of 
single point  lasers on 
grooved, tyned or coarse 
textured pavements. 

Ź“Gocator/RoLine” laser 

ŹRequired by Some 
Agency Smoothness 
Specifications (especially 
on concrete) 



Impact of Wide Beam Laser

ŹHeight  Sampling Refined by Increased Surface Area Considered 

Ź“Tire-Bridging” Algorithm Eliminates Recurring Low Points to  
Reduce Profile to Riding Surface Only 

ŹLower IRI Values vs. Spot Lasers.  Approximate Impact:  

9 15-25% on diamond ground surfaces 

9 10-20% on longitudinally tined surfaces 

9 5-15% on asphalt mixes with void spacing in aggregate 

9 1-5% on dense asphalt 



IP Setup & Calibration

ŹPrepare Equipment 
ͻ�ƚƚĂĐŚ�ƐĞŶƐŽƌ�ŵŽĚƵůĞƐ� 
(69” offset/12” stand-off) 

ͻ�ƚƚĂĐŚ��D/ 
ͻ�ŽŶŶĞĐƚ�ƉŽǁĞƌ�ƐƵƉƉůǇ 
ͻ/ŶŝƚŝĂƚĞ�ƐŽĨƚǁĂƌĞ 
ŹCalibrations/Verifications 
ͻ>ĂƐĞƌ�ǀĞƌŝĨŝĐĂƚŝŽŶ�;ďůŽĐŬ�ƚĞƐƚͿ 
ͻ�ŝƐƚĂŶĐĞ�ĐĂůŝďƌĂƚŝŽŶ 
ͻ�ŽƵŶĐĞ�ƚĞƐƚ 
ͻ�ĐĐĞůĞƌŽŵĞƚĞƌ�ĐĂůŝďƌĂƚŝŽŶ 
ͻZĞƉĞĂƚĂďŝůŝƚǇ�;ŝŶŝƚŝĂů�/W�ƵƐĞͿ 

ŹApplicable Procedures 
ͻ�ĂůŝĨŽƌŶŝĂ�dĞƐƚ�ϯϴϳ 
ͻ^ƉĞĐŝĂů�WƌŽǀŝƐŝŽŶƐ 



IRI (International Roughness Index)

� IRI = “Quarter-Car” mathematical model calculates suspension deflection of a
simulated mechanical system with response similar to a passenger car. 

 

� Simulated suspension motion is accumulated and divided by the distance 
ƚƌĂǀĞůĞĚ�ƚŽ�ŐŝǀĞ�ĂŶ�ŝŶĚĞǆ�ǁŝƚŚ�ƵŶŝƚƐ�ŽĨ�ƐůŽƉĞ�;ŝŶĐŚĞƐͬŵŝůĞ͕�ŵŵͬŬŵ͕�ĞƚĐ͘Ϳ͘ 



IRI Sensitivity 
IRI Response 

2 - Body 
Bounce , 
(1-2 Hz) 

Axler Hop 
(10-12 Hz)1.5 

.5 

0 ..... ..-liiiiil.........i__.,_._..........____.._.....................................__...... 

1 LO 
Wavelength (ft 

100 

http://www.dot.ca.gov/hq/ maint/ Pavement/ Office 
s/Pavement_En gineer in g/ PDF/ IP_Cert_Site.pdf 

7 and 50 feet are the focus lengths



Sample Report—IRI/MRI
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Sample Inertial Profiler Trace

Edit View Mapping Help 

Continuous Trace v ~ Zoom: 100% 
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CalTrans IRI Specification

ŹMRI (average of wheel path IRIs) 
� < 60-ϳϱ�ŝŶͬŵŝ�;ĚĞƉĞŶĚƐ�ŽŶ�ƚǇƉĞ�ŽĨ�ǁŽƌŬͿ�100% Pay (No Incentive) 
� >60-ϳϱ�ŝŶͬŵŝ�ƌĞƋƵŝƌĞƐ�ĐŽƌƌĞĐƚŝǀĞ�ĂĐƚŝŽŶ 
Ź Fix Areas of Localized Roughness 
� HMA >160 in/mi (25ft base length) 
� PCC  & Grinding >120 in/mi (25ft base length) 



Localized Roughness



IRI vs. Profilograph (Straightedge)

Edit View Mapping Help 

~I  fllq I[BJ [Localized Roughness Report ... j~ Zoom: 100% 

Defect l ocations: 

Runl: 

Defec.t Type Track Segment Start End Length {ft) 
Peak 

Height{in/ mi) 
Peak 

Station ClosestGPS Note 

IRI Peak 2 1 176+91.l to 179+13.l 222.0 Peak: 356.31'1 at 178+47.3 344' 31.65" N 11816' 29.19" W 
IRI Peak 1 1 176+91.9 to 178+65.8 173.9 Peak: 350.020 at 177+56.6 344' 31.35" N 11816' 28.ts• W 
IRI Peak 1 1 178+68.6 to 179+24.1 55.5 Peak: 291.87'1 at 178+90.9 344' 31.79" N 11816' 29.68" W 
IRI Peak 2 1 179+14.7 to 179+21. 6 6.9 Peak : 134.028 at 179+19.0 344' 31.89" N 11816' 29.98. W 
IRI Peak 1 179+29.1 to 179+36.6 7.5 Peak: 137.397 at 179+33.2 344' 31.93" N 118 16' 30.13" W 
IRI Peak 2 179+29.4 to 179+36.9 7 .5 Peak : 143.324 at 179+32.3 344' 31.93" N11816' 30.12• w 
IRI Peak 2 179+44.5 to 179+73.0 28.5 Peak: 179.793 at 179+53.0 344' 31.99" N 118 16' 30.35 W 
IRI Peak 1 179-+46.2 to 179+69.7 23.5 Peak : 164. 173 at 179+52.8 344' 31.99" N 11816' 30.35. W 
IRI Peak 2 179+74.5 to 179+77.0 2.4 Peak: 131.501 at 179+75.6 344 ' 32.07 N11816' 30.60 W 

10 IRI Peak 1 180+02.6 to 180+49.6 47.0 Peak : 348.7 56 at 180+27.0 344' 32.23" N 11816' 31.17• w 
11 IRI Peak 2 180+04.3 to 180+61.9 57.6 Peak: '152.377 at 180+27.2 344' 32.23" N 11816' 31.18" W 
12 IRIPeak 2 180+97.B to 181+o5.2 7.4 Peale: 132.096 at 181+01.5 344' 32.46" N 11816' 32.0t• w 
13 IRI Peak 2 181+09.0 to 181+34.3 25.3 Peak: 163.238 at 181+17.6 344' 32.50" N 11816' 32.19" W 
14 IRI Peak 2 182+00.0 to 182+05.0 5.0 Peale: 130.474 at 182+01.0 344' 32.78" N 11816' 33.u• w 
15 IRI Peak 2 182+16.3 to 182+19.0 2.7 Peak: 129.2 59 at 182+17.3 344' 32.83" N 118 16' 33.30" W 
16 IRI Peak 1 182+16.3 to 182+20.4 4.1 Peak : 131.821 at 182+18.5 34 4' 32.84" N11816' 33.32• w 
17 IRI Peak 2 182+29.4 to 182+69.1 39.8 Peak: 176.063 at 182+38.3 344 ' 32.91 N118 16' 33.55 W 
18 IRI Peak 1 182+30.7 to 182+31.5 0.8 Peak : 125.956 at 182+31.0 344' 32.89" N 11816' :B.47"W 
19 IRI Peak 1 182+32.3 to 182+40.3 8.0 Peak: 143.886 at 182+37.6 344' 32.91 N11816' 33.54 W 
20 IRI Peak :l 182+44.5 to 182+'16.5 2.0 Peale: 126.'199 at 182+'15.3 344' 32.94" N 11816' 33.63. W 
21 IRI Peak 1 182+47.6 to 182+51.9 4.2 Peak: 127.634 at 182+50.2 344 ' 32.96" N 11816' 33.68. W 
22 IRI Peak 2 182+74.4 to 182+78.5 4.2 Peale: 138.178 at 182+76.0 344' 33.03" N 11816' 33.97• W 
2 3 IRIPeak 2 183+19.4 to 183+63.3 43.9 Peale: 179.725 at 183+40.0 344' 33.25" N 11816' 34.71" W 
24 IRI Peak 1 183+31. 5 to 183-+64. l 32. 6 Peale: 176.215 at 183+43.1 344' 33.26" N 11816' 34.74• W 
2 5 IRI Peak 1 183+64.5 to 183+74.1 9.7 Peak: 139.396 at 183+66.6 344' 33.33" N 118 16' 35.0 1 " W 
26 IRI Peak 2 183+64.5 to 183+74. 1 9 .6 Peale: 146.147 at 183+66.5 344' 33.33" N 11816' 35.00"W 
27 IRI Peak 2 183+79.3 to 184+37.4 58.1 Peak: 257.438 at 184+17.9 344 ' 33.49" N 118 16' 35.58 W 
28 IRI Peak :l 183+81.0 to 184+37.0 56. 1 Peak : 204.717 at 184+18.0 344' 33.'19" N 11816' 35.58. W 
29 IRI Peak 2 184+8A.3 to 185+11.6 27.3 Peak: 207.813 at 184+94.0 344' 33.73 N11816' 36.43 W 
30 IRI Peak :l 184+84.5 to 185+12.8 28.2 Peale: 223.&08 at 184+93.8 344' 33.73" N 11816' 36.43• W 

ISegments ... ] EJ 1 o.oo--m tt Go to Location 



Diamond Grinder

ͻEffective at addressing some ALR 
ͻUnderstanding limitations 
Can outcomes projected by grind simulations be achieved? 

ͻPre-Pave  Profiles:  diamond grinder or micro-mill? 



IRI Grinding (Long IRI Defect)

ŹProfile trace 

ŹShort Continuous (25ft base length) 



IRI Grinding (long IRI Defect cont.)

 Profile Trace (HP 
Filtered) 

ŹProfile trace (12 ft defect for grinding physically) 

Short Continuous IRI 
25ft Baselength 

ŹShort Continuous IRI (50ft IRI defect) 



IRI Grinding (small IRI defect)
 Profile Trace (HP 

Filtered) 

ŹProfile trace (No physical feature to  grind realistically) 

Short Continuous IRI 
25ft Baselength 

Ź^ŚŽƌƚ��ŽŶƚŝŶƵŽƵƐ�/Z/�;ϱĨƚ�/Z/�ĚĞĨĞĐƚ͖�ϭϰϱ�ƉĞĂŬ�/Z/Ϳ 



Know The System and Process
� No limit on size of ALR 

› Can be 0.1 foot to entire collection length 
� ALR and grind locations not the same! 

› ALR can be bumps OR dips 
� DMI Error 

› Curves 
› Speed 
› Temperature 
› Path 

� No GPS signal if no sky view 
� Correction processes (A few options and opinions,  explained 

later today) 
� ProVal limitations 
� Grinder limitations 
� Operator limitations 

› Depending on process and needed accuracy, processing 
data takes much longer than profile data collection 



Conclusions

• Inertial Profilers are a   Welcome Change 
• Faster, safer, more data, better data 

• CT  /W�ƐƉĞĐƐ�ŚĂǀĞ�ŐŽŽĚ�ĐŚĞĐŬƐ�ĂŶĚ�ďĂůĂŶĐĞƐ 
• Validated by ĐĞƌƚŝĨŝĐĂƚŝŽŶƐ�Θ�ĨŝĞůĚ�ĐŚĞĐŬƐ 

• IRI roughness grinding is evolving 
• More training and pilot projects would help 

• Need for evolved IRI specifications 
• �Ŷ�ŝĚĞŶƚŝĐĂů�/Z/�ƐƉĞĐ�ĚŽĞƐ�ŶŽƚ�Ĩŝƚ�Ăůů�ǁŽƌŬ 



Thank You!

Dennis Scott
(800) 662-5656 • Cell: (415) 235-9035
dscott@smoothroad.com

www.smoothroad.com

dscott@smoothroad.com
http://www.smoothroad.com
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