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ABSTRACT

Laser systems have hitherto been applied to the measurement of road

surface profile and macrotexture. This report outlines a brief study of

the feasibility of applying laser techniques to the measurement of road

surface microtexture. Measurements were conducted on both known

square wave and sawtooth wave surfaces and on a range of typical

Swedish road surfaces. Both amplitude profiles and frequency spectra of

the surfaces were obtained. It was concluded, particularly on the basis of

an analysis of the frequency spectral data, that the feasibility of the

technique had been demonstrated. It was recommended that a system be

developed fully and evaluated. Further, an improved means of indepen-

dently measuring microtexture in the laboratory is required to facilitate

system calibration and correlation of system outputs with known micro-

texture.



l BACKGROUND

1.1 Macrotexture Measurements

Laser transducers have been successfully applied to the measurement of

road macrotexture for several years (Sandberg 1984 and 1986). Initially

the technique has involved the constant speed traverse of a transducer

over a l m section of road surface. To do this, the laser transducer is

incorporated in a rig which merely sits on the road surface. Data,

recorded on tape during each traverse, are subsequently analysed in the

laboratory. These analyses provide both the profile and the frequency

spectral Characteristics of the macrotexture under investigation. More

recently, procedures were deveIOped to allow the transducer to be fixed

onto a moving vehicle. In addition, on board, real time data processing is

being used. As a result, the process of macrotexture data collection is

becoming both automated and rapid (Magnusson, Sandberg and Wenäll

198 5).

1.2 Microtexture Measurements

 

Interest has also focused recently on applying these laser techniques to

the measurement of road surface microtexture. Microtexture data are

required in the study of road friction, skid resistance, tyre noise, tyre

wear and possibly in other studies of pavement performance. However,

while it is theoretically possible to measure microtexture via laser

techniques, it is understood that both the resolution and precision

required of the measurement system are approximately an order of

magnitude greater than those for macrotexture measurements (refer to

subsequent sections of the present report). These are demanding

requirements which lie around the performance limits of current,

commercially available, laser systems. Consequently, the trials reported

herein were conducted to examine the feasibility of measuring road

surface microtexture using a laser transducer.



 

1.3 Quantifying Microtexture

Microtexture, which is essentially a component of a road pavement

wearing course, may be quantified in the same manner as macrotexture,

in terms of amplitude profile or frequency Spectrum.

The choice of descriptor is governed by the data application and affects

only the final phase of the laboratory data analysis system described

later in this report. Typical values through which the descriptors range

are listed in Table I, along with some comparable macrotexture values.

Further details are available in Dahir and Henry (1978) and Sandberg

(19841

  

Table 1 Microtexture and macrotexture

Parameter Microtexture Macrotexture

**

Wavelength (mm) 0.1 - 1.0 1.0 - 100

Spatial frequency (cycle/m) 10000 - 1000 1000 - 10

Temporal frequency* (Hz) 100 - 10 10 - 0.1

RMS amplitude ( um) 2 - 100 15 - 5000

   

* Apparent frequency when observed with a transducer traversing the
pavement at 10 mm/s.

** Limited range for this particular experiment

It may be observed that the values quantifying microtexture are gener-

ally an order of magnitude smaller than the comparable macrotexture

values. This imposes a substantialy greater demand on the instrumenta-

tion system required to measure microtexture. Experience in macro-

texture measurement (e.g. Sandberg 1984) has indicated that existing

laser systems are generally not suited to microtexture measurement

since they lack the requisite precision and resolution. However a new

generation of laser instruments has become commercially available only

recently. It is an intent of the present report to examine the feasibility

of using these systems to measure microtexture.



2 EXPERIMENTAL TRIALS

2.1 Laser Equipment

A Remplir 'Precimeter' semiconductor laser (model DD-40-R6) was used

for the trials. This is one of the new generation, short distance, precision

measuring laser systems which, like their predecessors, provide distance

measurement via triangulation principles (Remplir 1980). It is compact

(82 mm x 69 mm x 25 mm), has a measuring range of 6 mm and is

mounted 40 mm from this range. Importantly, the unit has a narrow

beam of 1 mm diameter at exit from the laser with a spot size at the

measurement surface of approximately 0.1 mm. Furthermore, Remplir

quote linearity and accuracy figures of 40.2% respectively. By means of

a simply fabricated adapter, the Remplir unit was readily mounted onto

the VTI Stationary Laser Profilometer.

2.2 Instrumentation System

 

The instrumentation system adopted for the trials was that used

previously for macrotexture measurements with the Stationary Laser

Profilometer (Sandberg 1984 and 1986). Briefly, the Laser unit is

mounted on a rig which provides a constant speed traverse over, at a

fixed distance above, a pavement surface. Output signals from the laser

transducer were both recorded on paper by anultra-Violet recorder and

analyzed directly on a third octave band real time analyser (Brüel and

Kjaer Type 2131).

With this system, both the amplitude profile and frequency spectrum of

suitable signals may be determined. After the straightforward setup and

initial adjustments, clear, strong signals were received from the laser

system. Both amplitude profiles and frequency spectra were readily

obtained.



2.3 Trials

The experimental trials involved determining both amplitude profiles and

frequency spectra for a range of surfaces. Chosen to test the capability

of the system to measure microtexture, the surfaces are specified in

Table II. Surfaces 1 and 2 are used in calibrating the existing VTI

macrotexture profilometer. Similarly, Surfaces 3 and 4 were machined

both for the present experiments and as possible future microtexture

calibration surfaces.

The painted Surface 5 was included as an attempt to provide a readily

available, flat, smooth surface with which the instrumentation system

background noise could be determined.

Table II Surfaces usedin trials

             

Surface Description Origin

l Square Wave Machined
2.4 mm Amplitude in VTI
5.0 mm Wavelength WorkshOp

Square Wave Machined
2 4.6 mm Amplitude in VTI

10.0 mm Wavelength Workshop

Sawtooth Wave Machined
3 0.45 mm Amplitude in VTI

1.0 mm Wavelength Workshop

Sawtooth Wave Machined
4 0.25 mm Amplitude in VTI

0.50 mm Wavelength Workshop

5 Flat, smooth surface VTI
Painted semi-gloss white Workshop

6 Safety Walk sample BM Company

7 'Coarse' chip seal surface Road sample

8 'Coarse' asphaltic concrete Road sample

9 'Coarse' asphaltic concrete Road sample

10 'Medium' asphaltic concrete Road sample

11 'Fine' asphaltic concrete Road sample

12 Portland cement concrete Road sample

    



Safety Walk (Surface 6) is a widely known material that is adhered in

position to provide a 'non-Slip' surface for pedestrians. It has some

application in laboratory drums for tyre testing. The remaining six

surfaces are standard samples taken from roads in Sweden. They were

selected for the present trials merely by inspection. It was reasonably

anticipated that these samples would exhibit a typical range of Swedish

microtextures. It was not, however, possible to obtain any independent,

objective measure of the microtextures of these six surfaces.

2.4 Amplitude Profile Data

Amplitude profiles for all 12 surfaces are reproduced in Fig 1 from the

u-v chart records. On first inspection it is apparent that the system has

distinguished to some degree between the surfaces. Clean waveforms,

generally as expected, have been obtained and these obviously vary with

surface type. As also expected, only minimal output was obtained from

the painted Surface 5. The signal for Surface 5 might thus be regarded as

the instrumentation system background level. The macrotexture fluctua-

tions are clearly apparent in the profiles of Surfaces 6 to 12. These are

characterized by the longer wavelength, higher amplitude fluctuations in

each profile. Microtexture, which is comprised of short wavelength, low

amplitude fluctuations (refer to Table I), is also visible in the Fig 1

profiles.

Good, well shaped square waves were obtained for Surfaces 1 and 2.

Accuracy achieved in the reproduction of square wave signals is

generally regarded as a critical test for most instrumentation systems of

the type now under study. The square wave observations of Fig 1 suggest

that the system has performed well in this regard. Also, the sawtooth

Surfaces 3 and 4 have been reasonably well reproduced. In fact the

sawtooth curves of Fig 1 provide good profiles of the actual surfaces,

and this has been confirmed by examination of the actual surface

profiles by means of an Optical projection microscope system. There are

some flaws in these surfaces which resulted from the mechanical process

of machining the surfaces.



2.5 Frequency Spectral Data

Frequency spectra obtained for all surfaces are shown in Fig 2. Again it

is apparent that the system has distinguished between the surfaces. The

two square wave spectra are, as expected, of the same shape and differ

only in level and location along the frequency axis. These differences

correspond to the actual differences in magnitude and frequency

between the two surfaces. Similar observations and comments apply to

the spectra of the sawtooth Surfaces 3 and 4.

It should be noted that the spectral levels for the smooth, painted

Surface 5 are somewhat lower than the other spectra. That is, the

system background levels are sufficiently below the levels of the data of

interest so as not to influence these data. However, there was some

background noise in the system, and this occured in the frequency range

125 Hz to 8 kHz. The magnitude of this noise ranged from a minimum

15 dB at 125 Hz to a maximum 30 dB at 3.15 kHz. Although this was

outside the measurement range of interest, as a precaution all output

signals from the transducer were passed through a 60 Hz low pass filter

prior to both amplitude profile plotting and spectral analysis. Note that

60Hz corresponds to 4.5 kc/m in Fig 2.

The spectra for the seven other surfaces exhibit some clear trends. In all

cases, the lower frequency components, below around 750 c/m, contain

information on the surface macrotextures. Note that this is why the

fundamental peaks of the macrotexture profilometer calibration

Surfaces 1 and 2 lie in the range below 750 c/rn. Returning to Surfaces 6

to 12, the spectra do indicate some marked differences in macrotexture

and these are also apparent in the amplitude profiles of Fig 1 as

mentioned previously.

Above the frequency of approximately 750 c/m, the higher frequency

components suggest that there are some small, but quantifiable differ-

ences in microtexture between the surfaces. The clear differences in the

known Surfaces 3 and 4 at these frequencies indicate that the instrumen-

tation system is capable of discrimination, at least, in the microtexture

frequency range. This adds weight to the argument that the spectra of

Surfaces 6 to 12 are close in the high frequency region because there



might be only small differences between the microtextures. It should be

noted that the amplitudes of known Surfaces 3 and 4 are 450 and 25011 m

respectively, while the microtexture amplitudes of Surfaces 6 to 11

would be expected to lie in the 2 to 12 pm range. As a consequence,

some caution must be exercised when comparing the microtexture

results from these two sets of surfaces. In future, perhaps more

appropriate calibration surfaces, such as that described by Brock (1983),

should be used.

 

3 ANALYSES AND INTERPRETATIONS

3.1 Known Surfaces

3.1.1 Amplitude Profiles

 

The amplitude profiles of Surfaces 1 to 4 can be applied both to calibra-

tion of the instrumentation system and to a further examination of the

system performance. Calibration was required of both the vertical and

horizontal axes shown in Fig 1. For the texture amplitude (vertical axis)

this is simply achieved by determining the ratio of the heights of the

four waves of Fig 1 to the corresponding, independently measured values

of the actual surface heights. For the two square waves, this ratio turned

out to be 0.061 mm/mm, while for the sawtooth waves it was

0.048 mm/mm. Such a discrepancy is consistent with a laser spot size of

0.2 mm. This is a reasonable figure, since Remplir (1986) suggest that,

with careful focusing, a 0.1 mm spot size can be achieved at the mid-

point of the meas'uring range. However, an 0.2 mm spot will have the

effect of clipping the peaks and filling the troughs of the two sawtooth

surfaces. Consequently, the system would under-estimate their ampli-

tudes by around 20%, which was the discrepancy observed. It might be

necessary to resolve this issue for future microtexture measurements, so

that suitable calibration surfaces may be adopted. For the purposes of

the present initial investigation, a factor of 0.061 mm/mm was selected.

It was felt to be free of any such possible peak clipping/trough filling

problem and would also allow ready correlation with previous calibration

of the macrotexture profilometer.



Horizontal axis calibration of Fig 1 was simpler and merely involved

relating the Ultra-Violet recorder paper speed to that of the laser

transducer traverse speed. For a paper speed of 100 mm/s and a traverse

speed of 13.3 mm/s (nominally 10 mm/s), this gave a sample size to

horizontal axis (Fig 1) ratio of 0.133 mm/mm.

In addition to the axis calibration, the square and sawtooth waves of

Fig 1 may be used to obtain a further estimate of the instrumentation

system performance. This was achieved by determining, for both the two

square waves and the two sawtooth waves, the ratio of the peak heights

and of the peak widths. Listed in Table III, these ratios are in good

accord with these measured independently on the actual surfaces. That

is, the system has demonstrated good potential in measuring both the

absolute and the relative magnitudes of each of the two known surfaces.

However, it should be noted again that the amplitudes of these two

surfaces exceed those of typical microtexture.

Table III Peak Height and Width Ratios

 

Waveform Parameter Value obtained Value obtained from

ratio from Fig 1 independent measures
of actual surfaces

  

Square Wave Peak Height 0.52 0.52
Surface 1/Surface 2 Peak Width 0.54 0.50

Sawtooth Wave Peak Height 0.61 0.56
Surface 4/Surface 3 Peak Width 0.51 0.50

    

3.1.2 Frequency Spectra

The spectra of Surfaces 1 to 4 may be applied for calibration purposes by

comparing the spectral peak power levels determined by the system with

appropriate calculated levels. For each of the four surfaces, routine

Fourier analysis (Farison 1968) provides calculated spectral peak power

levels. As shown in Table IV, this process gave consistent results when

applied, in accord with routine practice (Sandberg 1984), to the funda-

mental peak in each of the four spectra. Consequently, a calibration

 



adjustment of 57.4 dB was applied to the output of the Real Time

Analyzer, thereby fixing the vertical axes of Fig 2.

Table IV Spectral Power Level Calibration

       

Surface Surface Fundamental Peak Level (dB)

Type Number Measured Calculated Difference

Square l 117.7 60.7 57.0
Wave 2 123.2 66. 3 56.9

Sawtooth 3 101 . 2 43 . 2 58 . 0

Wave 4 94.6 37.1 57.5

Average 57.4

    

Some spectral comparisons were then possible in Fig 2, particularly for

the spectra of Surfaces 1 to 4. Firstly, the power levels of the fundamen-

tal peaks in the Surfaces 1 and 2 Spectra were compared, as similarly

were the corresponding peaks in the Surfaces 3 and 4 spectra. These

comparisons are documented in Table V, where again consistent results

were obtained. It was found that, for both surface types (square wave

and sawtooth), the measured differences in the fundamental peak power

levels were in good agreement with the comparable calculated differ-

ences. Although this observation partly reflects the calibration proce-

dure of Table IV, it does serve to indicate the capability of the system to

produce correct spectral components and levels.
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Table V Spectral Peak Comparisons

            

Comparison Surface Spectral Power Level (dB)

Measured Calculated

1 60. 3 60. 7

2 65. 8 66. 3

Fundamental Difference -5. 5 -5. 6

Peak

3 43. 8 43. 2

4 37. 2 37. l

Difference 6. 6 6. l

3rd 1 48. 1 51 . l

Harmonic 2 55. 1 56. 8

Difference -7. 0 -5 . 7

1(Fund.) 60.3 60.7

Fundamental 1(3rd H.) 48. 1 51 . l
-3rd
Harmonic Difference 12. 2 9. 6

2(Fund.) 65.8 66.3
2(3rd H.) 55.1 56.8

Difference 10. 7 9. 5

     

This observation was supported by the comparison of the third harmonic

peaks of the Surface 1 and 2 spectra which is also shown in Table V.

Here, the measured difference in power level between the two third

harmonic peaks closely aligns with the calculated value. Such a compari-

son was not possible for the sawtooth Surfaces 3 and 4, since their third

harmonic peaks were both low in level and barely detected by the

instrumentation system. It should also be noted that each of the four

measured spectra of Fig 2 are of the shape calculated in the Fourier

Analysis. This analysis indicated that the spectra should contain odd

harmonic peaks only, with the peak power levels decreasing with increas-

ing harmonic number. Specifically, the analysis suggests that there is no

second harmonic, and this was observed in each of the Fig 2 spectra.

Consequently, in Table V, the measured and calculated relationships

between the first (fundamental) and third harmonics have also been

explored for Surfaces 1 and 2. Reasonably good agreement has been

obtained between the measured and calculated differences, further con-

firming the capability of the system to determine correct spectral shape

and content.
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3.2 Sample Surfaces

 

As with the Known Surfaces, the spectra in Fig 2 for the Sample

Surfaces clearly map the amplitude profiles of Fig 1. For example, the

3.8 kc/m peak in the Surface 8 spectrum is readily observed in the

corresponding amplitude profile. (Here there are some 38 prominent

peaks over a 10 mm distance in the profile.) Similar observations can be

made in the other spectra and profiles. These routine observations

merely confirm the performance of the instrumentation system in

producing correlated frequency and space domain output.

Both the spectra and the profiles suggest that there are relatively small

differences in microtexture between the sample surfaces. This has been

discussed previously, and it is most likely that the observations indicate

the real, but small microtexture differences between the surfaces.

Alternatively there may be some instrumentation limitations, not

revealed via the tests on the known surfaces, which have affected the

results. These include variations in either the light spot size or the light

intensity of the laser system. It was not possible to measure such factors

in the current study, but further consideration of them should be

included in future.
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4 CONCLUSIONS AND RECOMMENDATIONS

Road surface microtexture occurs over wavelengths of up to 1 mm and

thus spatial frequencies of down to 1000 cycle/m. The RMS amplitudes

of the parameter range from 2 to 12 um. An initial investigation has

indicated that it might be possible to use laser techniques to measure

microtexture for wavelengths down to a minimum of 0.2 mm. The laser

system trialed, with a measuring range of 6 mm and a spot size of around

0.1 to 0.2 mm, performed well in producing amplitude profiles and

frequency spectra of known square wave and sawtooth wave surfaces.

However, when applied to a series of typical Swedish road surfaces, the

system indicated that there were some small, yet quantifiable differ-

ences in microtextrue between the surfaces. Consequently, it was

concluded that the feasibility of measuring road surface microtexture

via laser system techniques had been demonstrated. Therefore it is

recommended that work proceed to develop fully and evaluate sucha

laser based microtexture measurement system.

Calibration of the laser system was achieved using known square and

sawtooth wave surfaces. Of these, the latter provided signals within the

frequency range but outside the amplitude range of road surface micro-

texture. Thus it is recommended that the possibility of using calibration

surfaces of lower amplitude be investigated. Furthermore, when

attempting to measure the microtexture of road surface samples, it has

not yet been possible to correlate the laser system outputs with some

independent measures of microtexture. While this is largely due to the

general lack of such techniqus, it is recommended that the possibility of

adopting procedures of either the optical or mechanical type be

investigated. In addition to possibly providing the necessary correlation

data, such techniques might also greatly assist in calibration of the laser

system. Finally, it is understood that there are other commercially avail-

able laser systems, similar to the unit used in the present study, which

may be suitable for microtexture measurement. The feasibility of using

these systems for microtexture measurement should also be studied.
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