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Comparative Testing of Strategic Highway 
Research Program Profilometers 

WILLIAM 0. HADLEY AND HARVEY ROPER 

The comparative testing workshop conducted among the Strategic 
Highway Research Program (SHRP) profilometers in Austin, 
Texas, during the week of February 12 through 16, 1990, is de­
scribed . The workshop involved roughness measurements of six 
test sites at two different speeds by the Law profilometers from 
the four SHRP regions. The rest sections were selected as repre­
sentative of smooth , medium , and rough seciions. The test pro­
gram consisted of five individual runs by each profilometer for 
the two speeds on the six test sections. The testing revealed sev­
eral data anomalies in the results from the profilometers including 
random and systematic sensor separation and lost lock. The re­
sults contain information that can be useful in interpreting the 
output of the Law profilometer in the development of surface 
profile data and pavement roughness IRI Law values. Finally, 
the experimental design used in the comparative testing, analysis 
performed , results generated by the analysis , approach to con­
sideration of data anomalies, and recommendations for further 
studies are discussed. 

Comparative testing of the four Strategic Highway Research 
Program (SHRP) K. J. Law profilometers was undertaken in 
a February 1990 workshop conducted in the Austin, Texas , 
area . Four profilometers representing the four SHRP regions 
participated in the workshop . The testing program was struc­
tured as a statistically designed experiment so that an analysis 
of the workshop results could be used to establish compati­
bility of the profilometer results, as well as to authenticate 
those factors (i.e., speed, roughness, vehicles) that signifi­
cantly influence profilometer results. 

THEORY OF OPERATION 

The road profilometer uses a noncontact light sensor system 
to measure the distance between the vehicle frame and the 
road surface. The profilometer is equipped with two sensors, 
one in each wheel path. The sensor is composed of a light 
source, a light receiver, and an electronic enclosure. The light 
receiver uses a rotating scanning mirror assembly for detecting 
signals in measuring the road profile. 

The relative displacement between the vehicle and the road 
measured by the noncontact light sensor is one input to the 
profile equation . The other input is the vehicle motion in the 
vertical direction, which is provided by a precision servo bal­
anced accelerometer. The difference between the vehicle dis­
placement and the relative motion between the vehicle and 
the road surface provides the actual raw road profile output. 

Texas Research and Development Foundation, 2602 Dellana Lane, 
Austin, Tex. 78746. 

TEST PROGRAM 

The experimental design originally proposed for the profil­
ometer workshop is shown in Figure 1 and includes the factors 
of profilometer, test section, pavement condition, and vehicle 
speed. Six 1,056-ft-long test sections were selected from the 
Austin, Texas, area as representative of smooth (Sections 42 
and 43), medium (Sections 31 and 36), and rough (Sections 
1 and 4) pavement conditions. General information concern­
ing these test sections is presented in Table 1. 

The test program consisted of five individual runs by each 
profilometer for each cell of the factorial (Figure 1). Because 
of scheduling considerations, the five runs were performed in 
two rounds. The first round was completed on February 12th 
and 13th, the second round on February 15th. The order of 
section profiling and vehicular speed was selected randomly 
while all profilometers were directly along the test sections 
using a left wheel path marking and a wheel path separation 
of 65 in. 

Before initiation of the comparative testing workshop, the 
six sections were surveyed using a combination of two meth­
ods: (a) rod & level survey, and (b) dipstick. Dipstick profile 
measurements were completed on all six test sections, whereas 
rod & level profiles were only developed for three test sec­
tions, i.e. , Sections 4 (rough) , 36 (medium), and 42 (smooth) . 

The rod and level profiles were used to confirm the capa­
bility of the dipstick in generating adequate profile results. 
Both sets of data (i.e., dipstick and rod & level) were analyzed 
with programs provided by the Face Corporation which pro­
duce a roughness measurement identified as the " interna­
tional roughness index" (IRI) (in inches per mile). A com­
parison of the IRI values calculated from the results of the 
dipstick and rod & level surveys for Sections 4, 36, and 42 
are shown in Figure 2. Because all points fall along a line of 
equality, the IRI values obtained from dipstick and rod & 
level profile measurements are considered comparable. The 
dipstick measurement values were subsequently used as a 
control in the comparison of the IRI results developed from 
the profilometer data. 

BACKGROUND AND ANALYSIS LIMITATIONS 

The workshop involved four profilometers with a variety of 
attributes (see Table 2) . There were two types of vehicle 
chassis [van and recreational vehicle (RV)] and two sensor 
location spacings (65 and 54 in.) . 

The application of analysis of variance techniques may be 
limited for some of the desired profile indices because of these 
differences in vehicles. For instance, the average IRI for the 
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TABLE 1 GENERAL INFORMATION­
PROFILOMETER WORKSHOP TEST SITES 

Section Relative 

Designation Roughness Comments 

43 smooth up grade 

42 smooth down grade 

36 medium down grade 

31 medium upgrade to level 

4 rough upgrade 

1 rough level to upgrade 

(F)= Fixed (R)= Random 

FIGURE 1 Proposed experimental design-Profllometer 
Workshop, February 1990. 
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two wheelpaths (i.e., average of left and right sensors) cannot 
be adequately considered in an analysis because the right 
wheel path is not coincident for all profilometers because of 
the variation in sensor spacing. Because all profilometer op­
erators were instructed to line up the left wheel with the left 
path markings, the indices that can be investigated fully using 
the experiment design shown in Figure 1 are limited to the 
IRI values related to left wheel path information. 

The experiment design required the generation of profil­
ometer output at low (35 mph) and high (50 mph) vehicle 
speeds over six different road sections (i.e., Austin test sites 
ATS 1, 4, 31, 36, 42, and 43) with surface roughness consid­
ered to be rough, medium, and smooth. Each of the profil­
ometers was scheduled to traverse every road section a min­
imum of five times at each vehicle speed. As the workshop 
activities began, it was established that the profilometers could 
not traverse the rougher roadway sections (i.e., ATS 1 and 
4) at 50 mph without possible damage to the larger SHRP 
RVs; therefore, the high speed for these sections (ATS 1 and 
4) was redefined as 45 mph. 

The combination of these different factors (i.e., different 
sensor spacings, speed changes, and chassis type) required 
that a series of analyses be undertaken to segregate the ve­
hicles and profilometer output into appropriate analysis groups. 
The University of Texas Center for Transportation Research 
personnel completed analyses of variance (ANOV A) of var­
ious forms of profilometer output for the two cases presented 
in Table 3. 

The first case (i.e., ANOV A I) involved an analysis of the 
results for all four profilometers generated within the six test 
sections; the second case (ANOVA II) was structured to in­
clude the roughness measurements for all six test sections 
generated by the three essentially identical profilometers (i.e., 
profilometer Numbers 1, 2, and 3). The ANOVA results ob­
tained for these two cases are presented in Tables 4 and 5. 

The results of the analyses of variance (ANOV As) indi­
clltecl conflicting imcl perplexing conclusions. Jn both cases, 
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FIGURE 2 Comparison of IRI values generated by the Face dipstick and rod 
& level surveys. 
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TABLE 2 PROFILOMETER CHARACTERISTICS 

SEPARATION 

VEHICLE BETWEEN SENSORS 

NUMBER AGENCY TYPE (inches) 

1 SHRP -North Atlantic Region Recreational Vehicle 65 

2 SHRP-Western Region Recreational Vehicle 65 

3 SHRP-Southe rn Region Recreational Vehicle 65 

4 SHRP-North Central Re gion Truck/Van 54 

TABLE 3 SUMMARY OF THE IRI ANOVAS PERFORMED 

ANALYSIS TYPE VARIABLES PROFILOHETERS SECTIONS 

I LIRI, RIRI l, 2' 3, 4 All 

II LIRI, RIRI 1, 2' 3 All 

TABLE 4 SUMMARY OF THE RESULTS FOR ANOVA TYPE I 
FOR ALL FOUR PROFILOMETERS 

SOURCE OF SIGNIFICANT VARIATION IN IRI 

VARii!IIQli5 ua: !ilrn~i. !!I!lllI !o'l!~E!. 

Rough Yes No 

Prof No No 

Rough * Prof No Yes 

Veloc No Yes 

Rough * Veloc No No 

Prof * Ve loc Yes Yes 

Rough * Prof * Veloc Yes Yes 

17 

TABLE 5 SUMMARY OF THE RESULTS FOR ANOVA 
TYPE II FOR PROFILOMETERS 1, 2, AND 3 

the section roughness (R) was the only variable found to 
significantly influence the measurement of IRI values for the 
left wheel path (L WP) by the two combinations of profilom­
eters (i.e ., all four units and three identical units) . On the 
other hand, main and combined effects of profilometer, sec­
tion roughness , and speed appeared to significantly affect the 
measurement of right wheel path (RWP) IRI values by the 
profilometers. This latter result, if accepted, could be con­
strued as an indication that the roughness measured by the 
profilometers was not only influenced by the roughness of the 
section, but also by the particular profilometer and the ve­
hicular speed at time of measurement. From these results, it 
appears that the left wheel path (LWP) sensor measurements 
may be more stable than those for the right wheel path (RWP). 

SOURCE OF 

VARillIIQli 

Rough 

Prof 

Rough * Prof 

Veloc 

Rough x Veloc 

Prof x Veloc 

Rough x Prof x Veloc 

SIGNIFI CANT VARIATION IN IRI 

Llll1I WHE~!. l\I!1HT wrn. 

Yes No 

No No 

No Yes 

No Yes 

No Yes 

No No 

No No 

I 
As a consequence, these ANOV As were considered to 

represent an initial evaluation of the profilometer data from 
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the workshop because only raw data were investigated. In 
this preliminary phase, there were no attempts to alter the 
raw data on the basis of observer comments or the possible 
existence of data anomalies. 

SATURATION DATA ANOMALY 

Distortion to the noncontact light sensor output caused by 
application of an external light source to the detectors will 
cause the signals to saturate. Because of this distortion, the 
noncontact sensor electronics erroneously interprets the road 
profile as being closer to the vehicle than the actual road 
profile. This saturated noncontact signal is then combined 
with the accelerometer signal and distorts the output of the 
raw road profile as shown in Figure 3. This example of a 
saturation spike was extracted from a profilometer run on 
ATS 36. 

LOST LOCK DATA ANOMALY 

Another distortion of the raw road profile output is created 
when the road pulse signal is lost because of the change in 
road surface reflectivity. As the vehicle proceeds down the 
lane and the road surface changes from a high light reflective 
surface to a high light absorbing surface, the road signal pulse 
is greatly attenuated. In this instance, the noncontact sensor 
output then reduces to a zero or flat output and the resulting 
raw road profile output would only consist of the accelerom­
eter output. An example of this type of data anomaly was 
observed during the same profilometer run on A TS 36 men­
tioned earlier and is shown in Figure 4. A saturation data 
anomaly also developed within about 50 ft of the location of 
the lost lock anomaly. 

Elevation (in) 

-1 
400 

Saturation ...... \ 
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VARIABILITY IN PROFILE INDICES 

The initial ANOV A results raised concerns about the rela­
tionships between the profilometer output (or roughness in­
dices developed from profilometer output) and profilometer 
type, speed, wheel path, and road roughness. The unexpected 
variability in IRI values fueled the thought that random or 
systematic data anomalies had been generated during some 
of the profilometer runs. 

Random data anomalies would be defined as those that 
occur in a random fashion and whose occurrence is not related 
to a particular vehicle speed, profilometer, wheel path, or 
test section. An example of randomly generated data anom­
alies can be observed in Figure 5, which shows a particular 
profilometer run completed on ATS 36. A subsequent run of 
the same profilometer resulted in a profile free of data anom­
alies (see Figure 6). 

When these two runs are plotted in the same figure, it is 
obvious that the profilometer results yielded profiles with 
essentially the same configuration. The major differences in 
the two plots are the lost locks observed at a distance of 200 
ft from the beginning of the section, the saturation spikes that 
occur at the 275-ft position and those that occur within the 
portion of the test section located between 400 and 600 ft. 
Because the results for runs by other profilometers on the 
same section (i.e., ATS 36) did not display these data anom­
alies, then these occurrences would therefore be considered 
as random. 

On the other hand, a systematic data anomaly would be 
considered those lost locks or saturations that consistently 
occur on each profilometer run and could be related to a 
particular profilometer, speed, and location of profile irreg­
ularities. For this type of anomaly, it is important to identify 
the cause for systematic data anomalies particularly if asso­
ciated with profilometer problems (e.g., sensor problems, ve-

500 
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FIGURE 3 Example of saturation data anomaly. 
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FIGURE 4 Example of lost lock and saturation data anomalies. 
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FIGURE 5 Example of randomly generated data anomalies in a profilometer run. 

hicle speed, and calibration) so that corrections or adjust­
ments can be completed . On the other hand, data anomaly 
results created by road roughness alone can be identified and 
enhanced or filtered as statistically appropriate. 

In order to define the relative variability in profilometer 
roughness values for the various profilometers and test sec­
tions, comparisons between dynamically measured roughness 
values (i.e. , IRI values) and those roughness values generated 
from static dipstick profile were undertaken . As part of this 
investigation, dipstick IRI values were developed for the first 

and second 500-ft sections of each of the six test sections (see 
Table 6). This was undertaken because the 500-ft pavement 
section lengths are comparable to the General Pavement Stud­
ies (GPS) test sections of the Strategic Highway Research 
Program's (SHRP's) Long-Term Pavement Performance 
(L TPP) study. This approach essentially doubles the number 
of test sections to 12. For convenience, the initial 500-ft sec­
tions were designated by a suffix code of "a" added to the 
test section number (la , 4a, etc.) while the second 500-ft 
section was defined by a suffix code of "b" (lb, 4b, etc.). 
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FIGURE 6 Example of profilometer run free of data anomalies. 

TABLE 6 DIPSTICK IRI VALUES FOR AUSTIN TEST SECTIONS 

ATS 1 - 500' 

43 105 . 2 

I 
42 101.3 

36 158 . 6 

31 191.0 

1 Jl2. 2 

4 218 , 2 

I 

From Table 6, it can be seen that the dipstick IRI values 
range from a low of 90.8 for Test Section 43b (i.e., the 501-
to 1,000-ft section of 43) to a high of 409 .4 for Test Section 
4b. Furthermore , there are four sites with IRI values of about 
100 (i.e., 43b, 42b, 42a, and 43a), four with IRI values be­
tween 100 and 200 (i.e., 36b, 36a, lb, and 3la) and four with 
IRI values greater than 200 (i.e . , 3lb, 4a, la, and 4b ). The 
results presented in Table 6 quantify the roughness of each 
of the sections and essentially replace the qualitative measures 
for roughness (i.e., smooth, medium, and rough) identified 
in the original experiment design (Figure 1). 

Comparisons of test section dipstick and profilometer 
roughness values are presented in Tables 7-9 for average IRI 
values (i.e., average of left and right wheel paths), LWP IRI 
values, and RWP IRI values, respectively . Table 7 indicates 
that there is reasonable agreement between average IRI val­
ues for the dipstick and profilometer for 8 of the 12 sites. The 
four sites with apparent differences in the profilometer­
dipstick comparisons are occurrences of Sections lb, 3lb, la, 

501 - 1000' Comb i ned 

90.8 98 . 0 

98.3 99. 8 

120.9 139.7 

215 . 5 203. 3 

I lbY.2 24U. I 

409.4 313 8 

and 4b. A possible correlation between the data anomalies 
and rougher pavement sections might be inferred from the 
results presented in Table 7. 

However, there is no direct way to ascertain from the av­
erage IRI results whether the differences are related to prob­
lems with the LWP, RWP, or both wheel paths. Therefore , 
IRI comparisons were developed separately for the L WP (Table 
8) and right wheel path (Table 9) results. In these two com­
parisons, it can be observed that only the results for test 
Section la are significantly different for the LWP, whereas 
the results for Sections lb, 31b, la, and 4b are significantly 
different for the RWP measurements. The differences in IRI 
values for these latter four sections range from 50 to 140 
percent higher than the dipstick values. 

Because good agreement between profilometer and dipstick 
IRI values was obtained for 8 of the 12 test sites , it can be 
surmised that there are significant, possibly systematic, con­
centrations of data anomalies in those four sections with 
profilometer-generated IRI values significantly different from 



Hadley and Roper 

TABLE 7 TEST SECTION ROUGHNESS COMPARISON 
OF A VERA GE IRI VALUES 

illl ~ E1:S1: f i l RIJR~R[I 

43b 90.8 96 .1 

42b 98. 3 102. 7 

42a 101 . 3 106. 5 

43a 105 .2 90.2 

36b 120. 9 111. 2 

36a 158 .6 156.0 

lb 169.2 < > 239 . 6 

3la 191.0 207 .4 

3lb 215. 5 < > 384.5 

4a 218. 2 258. 2 

la 312 . 2 < > 518 . 6 

4b 409 . 4 < > 730.5 

<---> represents significant difference 

TABLE 8 TEST SECTION ROUGHNESS COMPARISON 
OF LWP IRI VALUES 

Site Jlliil.i.£k Profilomete rs 

43b 78. 8 96 .1 

43a 92 . 9 70. 6 

36b 95 .4 86. 8 

42b 97 . 4 92 . 8 

42a 98.7 76 . 5 

36a 125.2 83 .1 

3la 145 . 5 125. 6 

31b 164 . l 143. 6 

lb 174.0 170. 0 

4a 193 . 3 188. 0 

la 275. 8 < > 406. 9 

4b 362. 7 368 . 9 

<---> represents significant difference 

dipstick IRI values. Random data anomalies are still expected 
events for any of the profilometer runs (see Figure 7). 

INVESTIGATION OF WINDOWS 

In order to investigate, identify, and locate concentrations of 
data anomalies , the profile data and corresponding IRI value 
for both profilometer and dipstick were divided into equally 
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TABLE 9 TEST SECTION ROUGHNESS COMPARISON 
OF RWP IRI VALUES 

filil ~ f[2f:1 .l211~!ii~tl 

42b 99 . 1 112.5 

43b 102 . 8 117 .6 

42a 103 . 9 136.4 

43a 117. 5 110.0 

36b 146. 3 135. 8 

lb 164. 3 < > 309 .1 

36a 191.9 228. 9 

3la 236. 6 289. 9 

4a 243.0 328 .4 

3lb 266 . 8 < > 625. 3 

la 348 . 6 < > 630. 3 

4b 456 . l < > 1092 .1 

<--> represents significant difference 

sized portions designated as "windows. " For each window, 
the comparisons between dynamic profilometer and static dip­
stick IRI values could be made and the location of possible 
data anomalies more closely identified. For this investigation, 
100-ft windows were selected. These identified locations could 
subsequently be confirmed by comparing profilometer and 
dipstick profiles. 

IRI window values were generated for Sections la and lb, 
which represent two of the four sections considered to be 
candidate sections for concentrations of data anomalies (see 
Tables 8 and 9) . The IRI values for each individual profilom­
eter and the mean IRI value for all four profilometers are 
also included in these tables. Based on dipstick IRI values, 
Section lb with an average IRI of 169.2 would fall in a medium 
roughness category, whereas Section la with an average IRI 
value of 312.2 would be considered a rough section. 

The IRI results for LWP and RWP of Section lb are pre­
sented in Tables 10 and 11, respectively. As expected for this 
medium roughness category, the ATS lb LWP IRI results 
(Table 10) for the dipstick and profilometer are in good agree­
ment. In addition, the IRI values from profilometer to pro­
filometer appear to be reasonable. 

On the other hand, comparisons between dipstick and pro­
filometer IRI values for 100 windows of the RWP of Section 
lb (Table 11) reveal that there are large IRI differences for 
the 201- to 300-ft window. The IRI values for the individual 
profilometers within this same window indicate that measure­
ment problems developed for all four profilometers. There 
was good agreement between dipstick and profilometer IRI 
values for the remaining four 100-ft windows (i.e., 1-100, 
101-200, 301- 400, and 401-500 ft). 

The IRI results for the LWPs and RWPs of section la are 
tabulated in Tables 12 and 13 , respectively. From Table 12, 
it is apparent that there are profilometer measurement prob­
lems for only one of the windows (i.e., 101-200 ft) because 
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FIGURE 7 Comparison of profilometer runs-good versus anomalied run. 

TABLE 10 IRI COMPARISONS FOR SECTION lb, LWP, 100-ft 
WINDOWS 

IR Is from Profilometers 

Window Dipstick Average 1 2 3 

1-100 173-8 162 . 9 177. 8 166.6 180.6 

101-200 185.5 187 . 9 192.2 184.2 208 . 4 

201-300 184.6 187. 5 189. 2 174.5 222. 2 

301-400 164.6 162 . 1 175.0 165 . 6 156.1 

401-500 161.4 149 . 6 148.8 153.6 150 . 4 

AVERAGE: 174.0 170 .0 176. 7 168.9 182.9 

TABLE 11 IRI COMPARISONS FOR SECTION lb, RWP, 100-ft 
WINDOWS 

IR Is from Prof ilometers 

Window Dipstick Average 1 2 3 

1-100 151. 5 176.4 177. 9 165.2 198.4 
I 

101-200 142. 3 149 .1 144.6 135. 5 154. 8 

201-300 154 . 3 808 . 5 929. 2 751. 8 929 . 5 

301-400 222.3 190.4 192 . 1 207.2 I 199.7 

401-500 151. l 221. l 241.7 211. 7 I 240.9 

AVERAGE: 164 . 3 309 . 1 337.l 294.3 344.5 

4 

126.7 

169 . 8 

163.4 

151. 7 I 

145. 7 1 

151. 5 I 

4 

163. 9 

161. 3 

624.4 
I 

162. 5 

I 190 .1 

260.1 I 
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TABLE 12 IRI COMPARISONS FOR SECTION la, LWP, 100-ft 
WINDOWS 

IRis from Profilometers 

Window Dipstick Average l 2 3 4 

1-100 429. 8 450.4 463 . 2 463 .8 541.8 332. 6 

101-200 369 . 9 986. 5 977 . 5 667. 7 1233 _ l 1067 . 8 

201-300 214.0 220 . l 217 . 0 211.8 219 _3 232 . 2 

301-400 230 . 8 238. 3 245 . 2 227 .0 251.8 229 . 3 

401-500 134. 6 139 .4 150 . 2 134. 3 155 _6 117 . 3 

AVERAGE: 275. 8 406.9 410.6 340 . 9 480 _3 395.8 

TABLE 13 IRI COMPARISONS FOR SECTION la, RWP, 100-ft 
WINDOWS 

Window Dipstick Average 

1-100 583 . 3 1195. 2 

101-200 564 . 3 1171.3 

201-300 148 . 1 207. 7 

301-400 268 .4 399. 5 

401-500 179 . 0 178 . 0 

AVERAGE : 348 . 6 630 , 3 

the dipstick IRI value (369.9) and average profilometer IRI 
value (986.5) are so drastically different . The problem ap­
parently developed for all four profilometers because the pro­
filometer IRI values ranged from 667. 7 to 1,233.1 for the same 
window (i .e., 101-200 ft). The data measurement problem is 
apparently isolated in this section of roadway (i .e., 101-200 
ft), because there is good agreement between the dipstick and 
profilometer IRI values for the other four windows (i .e., 1-
100, 201-300 , 301-400, and 401-500 ft) . 

The comparisons of RWP IRI values for Section la are 
presented in Table 13. This information is representative of 
the rougher sections (i.e., RWP-la has an IRI value of 348.6) 
in the profilometer workshop. On the basis of the tabulated 
values in this table, measurement problems (e.g., concen­
trated data anomalies) were obviously encountered for the 
first two windows (i .e., 1-100, and 101-200 ft). The results 
for the other two windows (i .e., 201-300 and 301-400 ft) 
may indicate that minor measurement problems (e.g ., random 
data anomalies) were encountered in other portions of the 
test section. Finally, only the last window (i.e. , 401-500 ft) 
yielded comparable results between dipstick and profilometer 
IRI values for the R WP. There is no doubt that the greatest 
differences between dipstick IRI values and profilometer IRI 
values occurred in the RWP of Section la. 

IRis from Profilometers 

l 2 3 4 

1312 . 6 1180 . 5 1420. 6 866 . 9 

990.9 1167. 9 1656. 3 870. 3 

225.0 204. 5 199.1 202 . 2 

446 . 0 388.4 292.7 470 . 9 

171 . 1 164.7 176 .4 199 . 9 

629 . 1 621. 2 749. 0 522 . 0 

ROAD PROFILE CONSIDERATIONS 

For test Section la it was suspected that the relative positions 
of the vertical profiles along the LWPs and RWPs for certain 
portions of the test sections were such that the profilometers 
developed side-to-side movement (rocking) of such magni­
tude that sunlight could penetrate underneath the vehicle skirt, 
creating light saturation of the sensors. This suspicion was 
investigated by comparing the LWP and RWP profiles of the 
first two windows of Section la as measured by the dipstick 
(see Figure 8) . 

Figure 8 shows that there is general conformance between 
the two wheel path profiles. However, intermittent cross slope 
reversals occur between 75 and 200 ft from the beginning of 
the section and an apparent bump or upheaval of the RWP 
approximately 50 ft from the start of Section la. 

The profilometer dynamic wheel path profiles for the initial 
200 ft of test Section la were generated and are presented in 
Figures 9 and 10 for the LWPs and RWPs, respectively . Figure 
9 indicates that sensor saturation developed for the LWP at 
positions along the section from 20 to 50 ft and at 125 to 200 
ft from the beginning of the section. 

Similar results can be observed in Figure 10 for the RWP. 
Saturation is apparent and extends over a large portion of the 
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FIGURE 8 Comparison of LWP and RWP profiles using dipstick. 
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FIGURE 9 Dynamic profile for first 200 ft of ATS la, LWP. 

first 200 ft of test Section la. In this case (i.e. , RWP) , the 
saturation seems to be more extensive when compared with 
the LWP results (Figure 9). This observation is also reflected 
in the IRI values presented in Tables 12 and 13 for the first 
two 100-ft windows. 

The suspicion of the existence of a concentration of sys­
tematic saturation in test Section la was confirmed when the 
dynamic elevation profiles were plotted. It is further con­
firmed from this that localized aberrations in the longitudinal 
wheel path profiles (e.g., cross slope reversals, upheavals and 
chuck holes) can result in measurement difficulties because 
of the creation of sensor saturation. 

It should also be noted that saturation spikes, more than 
likely, exist in all the profilometer data at different locations 

along the various test sections, as evident in the 101-200, 
201-300, and 401 - 500-ft windows for Profilometer 2 (Figure 
5). A greater number of saturation spikes would be expected 
in the rougher sections. 

CONCLUSIONS 

On the basis of the results of this comparative profilometer 
study, it is concluded that 

• IRI roughness measurements are more stable for the L WP 
than for the RWP; 

• Data anomalies including saturation spikes and lost locks 
exist in a number of the profilometer runs ; 
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FIGURE IO Dynamic profile for first 200 ft of ATS la, RWP. 

• Localized aberrations in the wheel path longitudinal pro­
files can result in development of saturation spikes; 

• Run-to-run comparisons using 100-ft windows can be used 
to identify random and systematic data anomalies (e.g., sat­
uration spikes and lost locks); and 

• Data enhancement or filtering is likely needed to cleanse 
profilometer roughness data so that appropriate comparisons 
can be made. 

RECOMMENDATIONS FOR FURTHER ANALYSIS 

Because the dynamic profile information is expected to be a 
major indicator of pavement performance in SHRP L TPP, it 
is essential that further analysis of the 1990 Profilometer 
Workshop results be undertaken on some form of statistically 
enhanced or cleansed profile indices. It is, therefore, rec­
ommended that 

• Profilometer data be scrutinized or filtered to eliminate 
effects of data anomalies and that a second analysis be un­
dertaken. 

• Regression equations be developed to relate the perfor­
mance of the various profilometers on the basis of a variety 
of roughness indices. 

• The relationship between dipstick and profilometer pro­
file index values be developed. 
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