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Use of the Inertial Profilometer To Calibrate
Kentucky Department of Highways
Mays Ride Meter Systems

Ersou B. SreNcrnn, RoTANDS L. RIzrN¡ERGS, Jauns L. BuncuETT, AND
DoNaro C. Ro¡rNsoN

The National Bureau of Standards (NIIS), the Commonwealth
of Kentucky Department of Highways (DOH), and Surface
Dynamics, Inc. joined in a project in the Colnrnonwealth of
Kentucky to calibrate five Kentucky DOH vehicle-mounted
Mays Ride Meter (MRM) systems. In this project, an NBS-
operated inertial profilometer system was used to measure the
elevation profiles of selected pavement test sections. The mea-
sured elevation profiles were used to compute the Standard
Mays Ritle Meter Index (SMRMI) values for each pavement
test section. The computed SMRMI values rvere then uscd as

reference values for the calibration of the actual Kentucky
DOH MRM systems. The profilomctcr was used to identify
suitable pavement sections from test sites selected by the Ken-
tucky DOH using an MRM systern. The site selection process
included sr¡ffïcient repeat runs fo estal¡lish a meân SMRMI
value for each ¡ravernent and a standard deviation from that
mean for thc repeat runs. Six pavement test sites with the
desired SMRMI values and lorv standard deviations rvere
selected. Thc I'ive Kentucky DOH MRM systems rvcre thelr
driven over the selected test sites a number of tinres to deter-
mine a mean rneasured value and a starrdard deviation abo¡lt
that ¡neasured mean value for each systetn on each pavement
test site. The test data frorn the profilorneter antl the fÏve
Kentucky DOH MRM systems rvere used to develop a cali-
bration equation and expected standard deviation for each of
the MRM systems. The resulfing calibration equations will be
used by the Kentucky DOH to compute SMRMI vah¡es for
each system. Included in thc project was a correlation of the
Ohio Department of Transportation inertial profilometer with
the NBS-operated inertial profilometer to establish the validity
of using another identically constructed inertial profilometer
for the same calibration procedure.

The inertial plofilorneter was developed in the early 1960s by
Elson Spangler and William Kelly at the General Motors
Research Laboratory in Warren, Michigan. The profilonreter'
was designed to be a research tool that woulcl allow pavement
profiles to be brought into the laboratory for use as computer
input data for vehicle suspension stuclies. The first presen-

tation of the inertial profilorneter was made by Spangler and
Kelly (1) at the Transportation Research Board Annual Meet-
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bergs ancl J. L. Ilurchett, Kentucky Department of Highways,
Roo¡n 701, Clinton and High Streets, Frankfort, Ky.40622. D.
C. Robinson, National Bureau of Stanclarcls, Acoustics Mea-
suring Group, Gaithersburg, Md. 20899.

ing in Washington, D.C., in 1965. Through the efforts of the
General Motors Corporation, the technology associated with
the inertial profilometer has been made available for use in
the highway testing comrnunity. Early inertial profilorneter
irnplementations were used by Michigan (2), Pennsylvania,
Kentucky (3), and Texas (4) and by Brazil as part of a Worlcl
Bank project. Mol'e recent irnplernentations are in use in five
states including Texas, West Virginia, Minnesota, Michigan,
and Ohio and in Chile, as part of a Worlcl Bank ploject.

INTRODUCTION

The most recent irnplcrne¡rtation is an inertial plofilometer
purchased by the Fecleral Highway Administration (FtlWA)
from K. J. Law Engincers, Inc., and was being evaluated by
the National Bureau of Standards (NBS) foL the FHWA dur'-
ing the work reported in this paper. In May 1987, the NBS,
the Comnronwealth of Kentucky Department of Iligltways
(DOfl), the Ohio Departrnent of Transportation (DOT) and
Surface Dynarnics, Inc. joined in a projcct in the Common-
wealth of Kentucky to calibrate five Kentucky DOII vehicle-
nrounted MRM systerns using an NBS-operated inertial pro-
filonleter to perform this calibratiort. Fourtcen pavement test
sections in the vicinity of Frankfort, Kentucky, were selected
as candidate sites for the calibration of Kentucky DOH MRM
systems. Seven of the pavement test sections wel'e portlancl
cemcnt concrete ancl seven wele bituminous concrete.

PRO¡'ILOMBTBR MBASURBMENTS AND
ANAI,YSIS

The elevation profiles of all the p¿ìveÍnerìt test sections were
measured with an NBS-opelated ineltial profilometer mul-
tiple times to evaluate the precision of the measuring rnethod.
After the nrultiple measurer¡ìents of the elevation profilcs of
the foul'teen paverìrer)t test sections, a SMRMI value was

conrputecl for each test section.
The SMRMI value is a computecl output of a coluputet'

sinrulation of an MRM systern including the vehicle a¡rcl the
MRM measuring instrument. The MRM vehicle parameters
("Golden Car") used in the computer sirnulation are tllose
proposed in NCHRP Project l-18 (5), which are being defined
further in a new proposed ASTM standard. The inputs to the
computer simulation are the elevation profile rneasurentents
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six pavement test sites were chosen because they represented
a range of desired SMRMI values and because they exhibited
low standard deviations. Although there is a wide range of
standard deviations for each test site, it is important to note
that the six calibration test pavements selected exhibited about
a L percent maximum standard deviation.

Test site 201, a smooth bituminous concrete pavement, was
the site where the precision or repeatability of the NBS-oper-
ated profilometer was evaluated in detail. Twenty test runs
were conducted on this particular site. The results of twenty
tests runs are shown in Figure 1 as a plot of the computed
SMRMI value (inches/mile) for each of the twenty runs. The
variation in the computed SMRMI values can be attributed
to three factors:

. Variation in the profilometer's elevation profile mea-
suring performance,

o Variation in the path driven by the profilometer driver,
and

. Transverse variations in the elevation profile of the test
site pavement.

It is suggested that a test site \l,ith little variation in com-
puted SMRMI values (low standard deviation) would be a
test site with little transverse variation in the elevation profile,
and the computed SMRMI values would be less affected by
the path driven by the profilometer driver.

The computed cumulative mean SMRMI value (inches/mile)
is shown in Figure 2 as a function of the number of test runs
included in the computation. As would be expected, the com-
puted mean becomes more stable as the number of included
tests runs increases. The cornputed standard deviation of the
computed SMRMI values (inches/mile) as a function of
the number of test runs is shown in Figure 3. Again, as would
be expected, the standard deviation is reduced as the nurnber
of runs increases. Although some improvement is still occur-
ring at test run twenty, the majority of the improvement has
occurred by run ten and on the less variable sites, mea-
suring stability appears possible with five test runs with the
profilometer.

Standard
ll€an l{Rll

Standard
D€vlation

Site No. t¡teasurements Index Value
_ lin/¡ni) (in/ni)

PCC
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made with the inertial profilometer. Using this computer sim-
ulation, the SMRMI value was computed for each of the
multiple profile measurements. The computed mean SMRMI
value and standard deviation for the multiple measurements
for each of the fourteen Kentucky DOH test sites are shown
in Table 1.

Although readings were taken every 0.1 mile, it was found
that averaging readings over a longer test section improved
the precision of SMRMI values computed from the profilo-
meter measurements. It was determined that the precision of
the measurements improved significantly as the length of the
test section was increased from 0.1 mile to 0.5 mile and con-
tinued to improve as the test section length was increased to
one mile. Where possible, all measurements were made over
a test section length of one mile.

The asterisks beside the test site numbers in Table I indicate
the final six test pavements selected for the calibration study.
Three of those sites were constructed with portland cement
and the other three with bituminous concrete pavement. These
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FIGURE I Conrputed standard MRM index value by run numl¡er.
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RUN NUMBER

FIGURE 2 Computed mean standard MRM index value by run number.
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vehicle 2678 had a mean MRM index value of 136.2 inches/
mile on test site No. 105 while vehicle 3664 had a mean MRM
index value of 184.8 inches/mile for the same site. Since the
SMRMI value as established by the NBS inertial profilometer
was 144.1 inches/mile, vehicle 2678 was measuring 5 percent
too low, and vehicle 3664 was measuring 28 percent too high.
The measurements shown in Table 2 clearly show the problem
associated with using uncalibrated MRM measurements and
emphasizes the need for good MRM calibration procedures.

The computed SMRMI values from the inertial profilo-
meter were then used with the computed mean MRM index
value for each Kentucky DOH MRM system to compute the
least-squares best fit straight line relationship between the
two data sets. This relationship is shown graphically in Fig-
ure 4 for Kentucky DOH MRM vehicle No. 2678. For the
data set shown in Figure 4, we can compute the slope and y-
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FIGURE 3 Standard deviation of the mean standard MRM index value by run number.

Simultaneous to measuring the Kentucky DOH test sites

with the inertial profilometer, the five Kentucky DOH MRM
vehicles were used to obtain MRM index values for each of
the six test sites. Each of the test sites was measured at least

ten times by each Kentucky DOH MRM system. The repeat
measurements were made to compute a mean MRM index
value and standard deviation about the mean for each MRM
system for each test site. The computed mean MRM index
value (x) and standard deviation (o) in inches/mile for
each Kentucky DOH MRM system for each of the six Ken-
tucky DOH test sites are shown in Table 2. Also shown in
Table 2 are the computed SMRMI values (from Table 1)

computed from elevation profile measured with the inertial
profilometer.

The MRM index values in Table 2 show a wide range values

for the different MRM vehicles. For example, Kentucky DOH
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¡(entucky Standard* l{ean {B{ Index Valug.(i) and Standaf4,Devtatlon 6) bv Kentuckv DOH Vehtcle No.
DOH Test ¡lean !flU{ 2678 3664 _
Slte llo. Index Value

TABLE 2 MEAN MAYS RIDE METER INDEX VALUES FOR KENTUCKY DOH MRM SYSTEMS

PCC

l0l

104

¡05

7 5.0

103.0

r44. I

70.3 3.98 98.3 2.83

98.1 4,22 139.3 t.44

136,2 4.25 t84.8 2.59

40.ó 3.14 69,2 4.5t

108.4 4,95 143,0 6.61

128.0 2,84 t63.0 3.53

72,9 r.47

t08.9 2,45

154. I 2,42

41.0 2.18

115.5 3.36

I 39. 6 3.77

76.2 0.85 77.7 2.78

t07.8 t.ó4 t04.1 3.19

150.3 t.73 t42.4 3.15

43.7 0.83 47.0 3.26

tot. r t.90 109.9 4.ót

127.4 2.34 t27.8 2.t4
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2t6

207

49.4

l¡t.4

133.9

Average Std. Dev. 3. 90 3. 58 3.32
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FIGURE 4 Calibration curve for Kentucky Mays Meter Vehicle No.
2678.

intercept for the least-squares best fit line through the data
points. The computed line slope and )-intercept can then be
used to develop a transform or calibration equation between
the MRM Index values obtained with the Kentucky DOH
MRM system and the SMRMI values computed from the
inertial profilometer elevation profile measurements. The cal-
ibration equation and the data set correlation coefficient (r)
for Kentucky DOH MRM vehicle No. 2678 are shown in
Figure 4.

Calibration equations and correlation coefficients for Ken-
tucky DOH MRM vehicles Number 3664,3665, 4323, and

4325 were developed using the sa¡ne procedure shown in Fig-
ure 4. The results for these four MRM systems are shown in
Figures 5 through 8. The high correlation coefficients for the
five Kentucky DOH MRM systems is an indication that the
"Golden Car" computer model used to compute the SMRMI
values is an accurate representation of the actual MRM sys-
tems. It is also an indication that the Kentucky DOH MRM
systems are in good condition and are functioning as expected.

The calibration equations for each of the five Kentucky
DOH MRM systems are summarized in Table 3. Also shown
in Table 3 are the average standard deviation for each of the
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TABLE 3 CALIBRATION EQUATIONS FOR KENTUCKY DOH
MAYS RIDE METER VEHICLES

Kentucky
DOH ¡IR¡|I
Vehicle No. Câlibratiôn Eduatiôns

2678 Ståndard URM - 7.16 + .987 (vehicle !lRl,l)

Àverage Std. Dev. - 3.90

3664 Standard l,lRl¡t = -8.47 + .837 (vehicle uru,l)

Àverage Std. Dev. - 3.58

3665 Standard MRM - 13.57 + ,847 (vehicle MRI|I)

Àverage std. Dev. = 2.61

4323 Standard ltRtt = 8.3{ + .934 (vehicle }tRü}

Average Std. Dev. - 1.55

4325 Standard t¡tRü = _1.62 - L.029 (vehicle üRM)

Àverage Std. Dev. - 3.32

five Kentucky DOH MRM systems (from Table 2). This aver- manufactured by K. J. Law Engineers, Inc., and to determine
age standard deviation is probably the best that might be if equivalent MRM calibrations can be obtained from two
expected for each system, since these values were computed identical inertial profilometers.
for pavement test sites that were initially selected for their The measuring results for the NBS and Ohio DOT profi-
low standard deviations when measured with the inertial lo¡neters are shown in Table 4 for the seven Kentucky DOH
profilometer. test sites. The SMRMI values for each profilometer are plot-

ted in Figure 9 for each of the seven sites. Also shown in
Figure 9 is the best fit straight line for the data point pairs,

PROFILOMETER CORRELATION and the y-intercept, slope, and the correlation coefficient (f
for the best fit straight line. The high correlation coefficient

Although the NBS-operated inertial profilometer was used to of 0.99934 would support the interchangeable use of identical
establish the SMRMI values for the Kentucky DOH calibra- inertial profilometers for the calibration of MRM systems.
tion test sites, a second K. J. Law Engineers, Inc., inertial
profilometer, owned and operated by the Ohio Department
of Transportation, was used to measure and compute the
SMRMI values for seven of the Kentucky DOH test sites used DISCUSSION
in the calibration project. This simultaneous measurement of
seven test sites provided an excellent opportunity to compare The calibration procedure developed in this project provides
the measuring performance of the two inertial profilometers a method that can be used to convert MRM measurements
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TABLE 4 COMPUTED STANDARD MAYS RIDE METER DATA

Nentucky
DOH Test
Site No.

NBS Profilometer Ohio DOT Profilometer

Nu¡nber 1
of Runs in/¡ni

Nu¡nber
of Runs

a
1n/mi

io
in/mi in/mi

PCC

r01
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BC

4

5

4

20

4

4

4
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9

20

5

5

5

75.1 0.15

85.7 0. ¡¡9

l¡13.1 O.26

{7.1 0.79

48.6 0.39

63,7 0.23

84,7 I .32

75. 1 0. 35

82. I 0.78

t41 . I 0.78
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46.8 0.60
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64,7 0.60
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FIGURE 9 Correlation of identical inertial profilometers.

Slope = 0.97331

Y lntercept = 1.36056
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made with individual MRM systems into SMRMI values. The

experiences gained in developing calibratio¡l procedure sug-

gest the following recommendations related to the calibration
and use of MRM systems, in particular, and to response-type

ride meters, in general:

o Due to the higher standard deviation values for MRM
systems compared to the profilometer, measurements should

be made by averaging multiple repeat measurements for each

test site. Ten repeat measurements would be desirable.
o One calibration site for each pavement type should be

used periodically to confirm the calibration of individual MRM
systems. The confirmation would consist of computing the

standard mean MRM index value for ten repeat measure-

ments at each site. A deviation from the expected SMRMI
value would indicate a change in the system and the need for
recalibration.

o A change in the measuring characteristics of an individual

MRM system would indicate the need for a full calibration
on all calibration sites. As in the original calibration, the mean

of ten repeat measurements would be used with the SMRMI
value to compute a new calibration equation and correlation
coefficient.

o A reduction in the correlation coefficient computed in
the recalibration process might be an indication that the SMRMI
value for one or more of the established calibration test sites

has changed. A significant reduction in the computed cor-
relation coefficient would be an indication that the SMRMI
values for the calibration test sites should be reestablished
using an inertial profilometer.

Although it would be a significant task, it would be desir-
able to monitor the time stability of calibration sites with an

inertial profilometer to develop a short-term (24-hour) and

long-term (daily, monthly and annually) time history for each

site. A research project in this area may be highly desirable.



Spangler el al.

CONCLUSION

o MRM systems can be effectively calibrated using an iner-
tial profilometer.

o The observed variability between MRM systems supports
the need for an accurate system calibration.

o Additional research is required to investigate the time
stability of both the MRM systems and the pavement sections
used in calibration.
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