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Standard Practice for

Computing Wheelchair Pathway Roughness Index as
Related to Comfort, Passability, and Whole-Body Vibrations
from Longitudinal Profile Measurements1

This standard is issued under the fixed designation E3028; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers the mathematical processing of

longitudinal profile measurements to produce a wheelchair

pathway roughness statistic called the Wheelchair Pathway

Roughness Index (WPRI).

1.2 This provides a standard practice for computing and

reporting an estimate of pathway roughness for sidewalks and

other pedestrian surfaces.

1.3 The values stated in SI units are to be regarded as the

standard. The inch-pound units given in parentheses are for

information only.

1.4 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.5 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

E1364 Test Method for Measuring Road Roughness by

Static Level Method

E2133 Test Method for Using a Rolling Inclinometer to

Measure Longitudinal and Transverse Profiles of a Trav-

eled Surface

3. Terminology

3.1 Definitions:

3.1.1 longitudinal profile measurement, n—a series of eleva-

tion values taken at a constant interval along a wheel track.

3.1.1.1 Discussion—Elevation measurements may be taken

statically, as with rod and level per Test Method E1364, or

dynamically using a rolling inclinometer per Test Method

E2133.

3.1.2 traveled surface roughness—the deviations of a sur-

face from a true planar surface with characteristics dimensions

that affect vehicle dynamics, ride quality, dynamic loads, and

drainage, for example, longitudinal profile, transverse profile,

and cross slope.

3.1.3 wave number, n—the inverse of wavelength.

3.1.3.1 Discussion—Wave number, sometimes called spatial

frequency, typically has units of cycle/m or cycle/ft.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 Wheelchair Pathway Roughness Index (WPRI), n—an

index computed from a longitudinal profile measurement using

a standard 70 mm (2.5 in.) diameter wheel with no deformation

and no affects from speed. The index represents the total

vertical deflection of that wheel as it travels over a surface.

3.2.1.1 Discussion—WPRI is reported in either millimeters

per meter (mm/m) or inches per foot (in./ft).

3.2.2 Mean Wheelchair Pathway Roughness Index

(MWPRI), n—the average of the WPRI values for multiple

trials expressed in millimeters per meter or inches per foot.

3.2.3 True Wheelchair Pathway Roughness Index, n—the

value of WPRI computed for a longitudinal profile measure-

ment with the constant interval approaching zero.

3.2.4 wheel path, n—a line or path followed by a non-

deformable tire of a wheeled vehicle on a traveled surface as it

approaches zero speed.

4. Summary of Practice

4.1 This practice was developed specifically for estimating

wheelchair pathway roughness from longitudinal profile mea-

surements.
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4.2 Longitudinal profile measurements for one wheel track

are transformed mathematically by a computer program and

accumulated to obtain the WPRI. The profile shall be repre-

sented as a series of elevation values measured at equally

spaced intervals along the traveled path.

4.3 The WPRI scale starts at zero for a surface with no

roughness and covers positive numbers that increase in pro-

portion to roughness. Fig. 1 provides WPRI value descriptors

derived from simulated and community surfaces made of

wood, segmental paving units, cast-in-place concrete, and

asphalt.3

5. Significance and Use

5.1 This practice provides a means for obtaining a quanti-

tative estimate of a surface property defined as roughness using

longitudinal profile measuring equipment.

5.1.1 The WPRI can be obtained from instruments which

can capture high-resolution (described in X1.1.2) longitudinal

profiles.

5.1.2 The WPRI is stable with time because true WPRI is

based on the concept of a true longitudinal profile, rather than

the physical properties of a particular type of instrument.

5.2 When profiles are measured simultaneously for multiple

traveled wheel tracks, the MWPRI is a better measure of

wheelchair pathway surface roughness than the WPRI for

either individual wheel track.

5.3 Wheelchair pathway roughness data can be useful in

determining the vibration exposure experienced by a wheel-

chair user. (See Fig. 1.)

5.3.1 Vibration exposure has been linked to pain and inju-

ries in wheelchair users and the WPRI of traveled surfaces

provides the ability to quantify the vibration exposure a

wheelchair user will experience when traveling that surface.4,5

5.3.2 Knowledge of the vibration exposure a wheelchair

user will experience on traveled surfaces will allow steps to be

taken to minimize their exposure, reducing the likelihood of

pain and injury.

6. Longitudinal Profile Measurement

6.1 The longitudinal profile measurements can be obtained

from equipment that operates in a range of speeds, but the

speed shall not affect the longitudinal profile data.

6.2 The elevation profile measuring equipment used to

collect the longitudinal profile data used in this practice shall

have accuracy to measure the longitudinal profile attributes for

computation of the WPRI in accordance with Appendix X1.

7. Computation of Wheelchair Pathway Roughness Index

7.1 This practice computes a WPRI from an algorithm

shown in Appendix X2.

7.2 This practice presents a sample computer program for

the computation of the WPRI from the recorded longitudinal

profile measurement.

7.2.1 The computer program accepts the elevation and

horizontal profile datasets as input and then calculates the

WPRI values for that profile dataset.

7.2.2 A listing of the computer program for the computation

of WPRI is included in this practice as Appendix X2.

7.2.3 A provision has been made in the computer program

listing (Appendix X2) for the computation of WPRI from

recorded longitudinal profile measurements in either SI or

inch-pound units.

3 Duvall, J., et al., “Development of Surface Roughness Standards for Pathways

Used by Wheelchairs,” Transportation Research Record, No. 2387, 2013, pp.

149–156.

4 Boninger, M. L., et al., “Investigating neck pain in wheelchair users,” Am J

Phys Med Rehabil, Vol 82, No. 3, 2003, pp. 197–202.
5 DiGiovine, C. P., et al., “Whole-body vibration during manual wheelchair

propulsion with selected seat cushions and back supports,” IEEE Trans Neural Syst

Rehabil Eng, Vol 11, No. 3, 2003, pp. 311–322.

NOTE 1—The MWPRI scale is identical to the WPRI scale.

FIG. 1 Wheelchair Pathway Roughness Index and Ratings
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7.2.4 The input to the sample WPRI computer program is a

numerical profile dataset stored in a 2×N .xls format. In this

format, the profile data appear as a multi-row, two-column

array with the longitudinal distance data points in Column 1

and the vertical distance data points in Column 2. The profile

data point interval should be in the range of 0.5 to –2.0 mm.

7.2.4.1 The computer program shall round the input to three

decimal places no matter the input.

7.2.4.2 If the input to the WPRI computer program is in

inch-pound units, alternative code has been provided to convert

the data to millimeters with the least significant digit being

equal to the least significant digit provided by the input or

0.1 mm.

7.3 The distance interval over which the WPRI is computed

is discretionary, but shall be reported along with the WPRI

results. An interval of 16 ft (4.87 m) has been used successfully

in the past and has been shown to be repeatable.6

7.4 Validation of the WPRI program shall be completed

when it is installed. Provision for the WPRI program installa-

tion validation is in this practice.

7.4.1 The sample profile dataset SAMPLE DATA.XLS has

been provided in SI units in Appendix X2 for validation of the

computer program installation.

7.4.2 Using the sample profile dataset SAMPLE DA-

TA.XLS in Appendix X2 as input to the WPRI computer

program, a WPRI value of 72.64 mm should be computed.

8. Report

8.1 Include the following information in the report for this

practice:

8.1.1 Profile Measuring Device—The name, serial number,

manufacturer, and class of the profile measuring device used to

make the profile measurement per Test Method E1364 and Test

Method E2133.

8.1.2 Longitudinal Profile Measurements—Data from the

profile measuring process shall include the date and time of day

of the measurement, the location of the measurement (latitude/

longitude coordinates), length of measurement, and the de-

scriptions of the surface being measured.

8.1.3 WPRI Resolution—If units reported are mm/m, then

the WPRI shall be reported to the nearest one tenth of a mm/m.

If the reported units are in./ft, then report the WPRI to the

nearest hundredth of an in./ft.

8.1.4 Profile Segment—If a continuous profile contains sec-

tions that cannot be measured using the profile measuring

device, the report shall note the location, length, and include a

description of each discontinuity.

9. Precision and Bias

9.1 The precision and bias of the computed WPRI is limited

by the procedures used in making the longitudinal profile

measurement.

9.2 For the effects of the precision and bias of the measured

profile on the computed WPRI, see precision and bias in

Appendix X1.

10. Keywords

10.1 longitudinal profile; pathway; pedestrian; roughness;

sidewalk; wheelchair; Wheelchair Pathway Roughness Index

APPENDIXES

(Nonmandatory Information)

X1. PRECISION AND BIAS

X1.1 Precision

X1.1.1 The precision of the computed WPRI is limited by

the procedures used in making the longitudinal profile mea-

surement.

X1.1.2 WPRI precision depends on the interval between

adjacent profile elevation measurements. Reducing the interval

typically improves the precision. An interval in accordance

with X1.2.2 is recommended. For some surface types, a shorter

interval will improve precision. More information about the

sensitivity of WPRI to the profile data interval is being

developed.

X1.1.3 WPRI precision is limited by the degree to which a

traveled path on the pedestrian pathway can be profiled. Errors

in locating the traveled path longitudinally and laterally can

influence the WPRI values, because the WPRI will be com-

puted for the profile of the traveled path as measured, rather

than the travel path as intended. These errors are reduced by

using longer profiles.

X1.1.4 If measurements are taken so that the least signifi-

cant digit is 0.1 mm or smaller, computational errors due to

rounding can be safely ignored.

X1.2 Bias

X1.2.1 The bias of the computed WPRI is typically limited

by the procedures used in making the longitudinal profile

measurement.

X1.2.2 WPRI bias depends on the interval between adjacent

profile elevation measurements. An interval of between 0.5 and

2.0 mm is necessary. Shorter intervals improve precision but

have little effect on bias. More information about the sensitiv-

ity of WPRI to the profile data interval is being determined.

6 Duvall, J. et al., “Proposed pedestrian pathway roughness thresholds to ensure

safety and comfort for wheelchair users,” Assistive Technology, Vol 28, No. 4, 2016,

pp. 209–215.
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