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INTRODUCTION

Pavement surface texture is one of the most important factors
that influence wet-weather skid resistance on modern highwayé,
This texture can easily be described in a qualitative manner;
i.e., as polished, smooth, rough, ete., but such descriptions

are inadequate in forming specifications or in correlating
texture with skid resistance, and thus allow researchers to
identify superior texturing methods. Thus, it 1s of importance
to describe texture in a quantitative mannér, i.e., measure
various parameters relating to its geometrics. Much research

has been performed in an effort to gquantify texture. The

methods developed (such as the sand patch, grease patch, putty
impression, profile tracer and outflow meter) reflect the con-
siderable varilety of approaches to the solution of this problem
(irﬁj. Another approach [commonly known as the Schonfileld Method
(9)] has been the use of stereo photographs and the visual inter-
pretation of several texture parameters to arrive at a skid
number (coefficient of friction).

This study encompasses the development of a stereo-photo method

in which photogrammetric techniques are incorporated to produce
dimensionally-accurate profiles of pavement texture.
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CONCLUSIONS

A technique for acdurately measuring pavement texbture profiles
using photogrammetfic techniques has been developed., The
standard error for “the horizontal accuracy is +0.068 mm and
the standard error for the vertical accuracy is +0.112 mm,

This equipment can be used to fulfill one of the FHWA require-
ments of the research project titled "New and Innovative Methods
and Materials for Pavement Skid Resistance". While this method
provides a measure‘df texture parameters not ébtained with any
other device, it is costly. This will limit its use to research
type determinationé}‘

v fastio.com
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IMPLEMENTATION

The photogrammetric system developed in this study is a valuable
tool for accurate direct measurement of pavement texture. It .

can also be used as a "standard" to check or correlate with other
texture-measuring devices that could be less expensive to construet
and'operate.

This system will be used to fulfill one on the FHWA requirements
in the major research effort titled "New and Innovative Methods
and Materials for Pavement Skid Resistance", currently in progress,
Its primary function will be to provide a record of texture
appearance and geometrics of various surfaces at a specific

point in time, for later evaluation,

While stili under development, this unit has been used in cor-
Junction with texture measurements using sand patch, putty |
impression, and a "sounding-needle" profile tracer. The regults
of this correlation will be published in another report. It is
being used to record the pavement surface condition of several
lbcations to assist in the State financed research study “The
Effects of Studded Tires on Pavement Surfaces in California".
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DISCUSSION

1. Selection of Eduipment

Several discussiohs were held between members of the Transporta-
tion Laboratory - Roadbed and Concrete Branch and the Office of
Geometroniecs - Photogrammetry Branch in order to'establish
requirements and spécifications for the acquisition of equipment.
The following requirements had to be met:

a. For Photogrammetry:
Lens resolution of high quality.
Adequate depth-of-field (zone of sharp focus).
Pressure plate for film flatness.
Introduction of fiduecial marks onto the film plane.
Calibration ofrcamera—lens to correct for inherent distortions,
Use of fine-grain color transparency film.

b. ° For Transbortaﬁion Laboratory:
Resulting profile graphs of high resolution.
Compactness and light weight.
Minimum camera adjustments in the field.
Dependability of equipment.
Controlled lighting.
A stereo area approximately 15 cm (6 inches +) square.
Provisions for data insertion in the photos.
Occasional use of équipment for conventional picture-
taking as required.

With the above reqﬁirements in mind, inquiries were made to
manufacturers and dealers of commercially available stereo
cameras. Their responses revealed that such cameras were
unsuitable for the task, because their focal lengths, minimum
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focusing distances, and other specifications did not meet our
’ . requirements. Furthermore, they were in limited supply due to
" declining consumer interest, which could create problems for
needed parts and service, and a handicap to other researchers
who may wish to duplicate such a unit. Custom=made stereoc
cameras were considered and rejected due to their expense, and
lack of versatility as "conventional photo taking devices.

The resulting choilce was thus narrowed to using conventional 35mm
single-lens reflex cameras, whose high resolution lens could focus
to approximately 0.3 meter. A common method of taking stereo phbtos
is to mount a single camera on a horizontally-sliding unit, and
take two photos, at either end of the slide. Another approach
to taking stereo photos is using two cameras mounted side~by-
side and taking both pictures simultaneously. The single-camera
method has the advantage of light weight, and the fact that
stereo pairs are on the same roll of film. The two-camera method
has the advantage of rigidly fixed base line (distance between
. cameras) and of speed in the actual plecture-taking procedure,
In view of the planned field use of the system in areas where
highway lane closures would be impractical of difficult to
arrange, the speed of the two-camera system would provide addi-
tional safety to operating personnel. They could wait - as long
as necessary - for a substantial gap In traffic, walk to the
picture area, usually the outermost wheel track of the truck
lane {(about 3 feet from the shoulder), set the unit down, press
" a button - and walk off. The entire process would take less
than 5 secconds. On this basis, the two-camera sysfem wag selected
for development. ' '

Two single-lens'reflex cameras were procured, each with a 35mm
wlde angle lens capable of focusing to 0.3 meter. The wide
angle lens provided adequate overlap of photos (approxmately
53% see Figure 1) while allowing for an overall compact unit.
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FIGURE 1. SCHEMATIC OF 2-CAMERA STEREO SYSTEM

(The principal distance (f) was determined to be 38.858mm when
focusing at a distance of 400mm, )

A particular make df”camera (Nikon F) was selected because of

the availability of“identical units in the Transportation
Laboratory ~ photo department. Thus, in an emergency, a substitute
camera would be available if needed. The substitute camera

could then be post—balibrated. The other benefit is the possible
use of these cameré%_by the photo department when not beilng used
for stereo photograﬁhy.

An electronic, béttéry operated flash unit with "automatic"
' exposure control was procured. The automatic system adjusts
the amount of light regquired for the bright PCC or dark AC
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surfaces, eliminating the need for camera exposure adjustments.
The particular make selected, a Rollei 128BC, was the only one
whbse speclfications indicated it was capable of automatic
operation within 16 inches (0.4m) of the subject, allowing for
a compact unit, (Most other makes do not operate automatically

‘nearer than 24 inches from the subject.) In practice, the chosen

flash has been providing adequate automatic exposure of the
bpavement surface.

A twin-cable release is used to trip both camera shubtters
simultaneously. : _ .

2. Modification of Equipment
a. Cameras

The'only modification to the cameras was the incision of very
small, vee-shaped grooves in the film mask edges. These grooves
registered in the exposed {ilm, producing "fiducial marks" for
photogrammetric calibration. Four such fiducial marks W¢re
placed in each camera, near the four corners of the picture
area. Depth of a vee was approximately 0.1-0.2mm,

FIGURE 2. FIDUCIAL MARKS ON EXPOSED FILM (ARROW)

7
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Con51derable tlme and effort was spent in developlng technlques

and "jigs" for lnois:mg thede marks in the cameras. The end .
result, while not wholly satisfactory (the vees were not as

‘clean-shaped as wé would have llked) was adequate for photo—-

grammetric techniques,

b. Blash

The flash unit itself was not mofified. However, the electric
cable connecting the flash to the camera was modified to allow
a three-way connectlion between the two cameras and the flash.
A series cifrcuit was designed so that both camera shutters

had to be tripped before the flash would operate. Since trip-
ping the shutters was a mechanical operation - vlia the twin
cable.release ~ 1t would be expected that one shutter would
begin its operation an instant before the other, and that the
role of the "fast" and "slow" cameras may interchange in
practice. Thus, this circult causes the flash to occur only
aftér the slowest shutter has opened, regardless of which
camera is the slowest. Polarlty and electrical isclation of
camera and flash bodles was also taken into account in the
series circuit.

FLASH

FLASH
TRIGGERING
CIRCUIT
(Buiit-into Flash)

T : N

SHUTTER-CONTROLLED SHUTTER - CONTROLLED
CONTACT CONTACT
CAMERA CAMERA

FIGURE 3. SCHEMATIC OF THE SERIES CIRCUIT
CONNECTING FLASH AND CAMERAS

8
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To insure that both shutters were open at the instant of flash
(duration is approximately 1/30,000 sec) the shutter speeds of
both cameras are set at 1/4 second.

A specilally-tailored black cloth cover, attached with "velcro"
: fasteners, provides a light shield to prevent ambient light from

influencing the rather long 1/4 second exposures.

3. Details of Camera Stand

The primary function of the stand is to hold the two cameras

and flash in rigidly fixed positions relative to each other

and to the pavement surface, as well as provide support for a
data~carrying plate near the pavement. An addltlional require-
ment was that .1t be light weight and collapsible, or "take-down",
for ease of storage and travelling convenience. Thus, it was
construeted of aluminum,'eXcept for steel leg tips and various
screws and knobs.

. _ Figure 4., Assembled Stand

ClihPDF - www .fastio.com
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“Four'hinged"“flapsﬁTét the sides of the bobttom plate provide
bright-colored areas, strétegically located to mateh the
fiducial marks on the film. The resulting contrast of these
light areas_againsﬁuthefdafk unexposed edges of the film causes
the fiducial marks ‘to stand out clearly.

A wrist watch within the stereo area is used as a means of
indexing photd paifs, which are on separate rolls of film. The
time and the location of ‘the sweep-second hand provide the
indexing. The dayfdate'calendar of the watch offers additional
information., L

Approximately half ‘the pleture areéa from each camera was outside
the sterec overlap. These areas are used to record pertinent
informatien which accompany each pavement texture. A standard

3 x 5 inch index card, carrying location descriptions and other
facts, is inserted on one side of the nonstereo picture area, A
speéially-designed bubble level capable of indicating up to

15% +2% grade and superelevation wag at. one time included in

the left picture area. However, problems with changing size of
bubble, and uncertainty of re-zeroing due to the take-down nature
of the bottom plate which supported'it, made the resulting data
unreliable and the level was removed. Finally, the direction of
traffic is indicated within the picture area and on the cloth
light shield, 50 the operator can align the unlt properly.

The right (nonstereo) picture area will be avallable for the
recording of additgonal information as needed,

10
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Figure 5. Base Plate - Center 1/3 of
Area 1s the Stereo Area,

.. Calibration

Calibration of each camera for lens distortion was performed by
the Photogrammetry Branch (see Appendix B}, To check the cali-
bration results, two test models were made.

The first test model consisted of éighteen machinistt's gauge
blocks (Johannsen Blocks) whose heilghts were determined photo-
grammetrically with the camera system (see Figure 6).

1l
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4. N

Machinist's Gauge Blocks Used For Calibration.

12
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Comparing the known height of these gauge blocks with those
determined by photogrammetric techniques the vertical accuracy
was found to be +0,203mm.

For both vertical and horizontal determinations a second test
model was used ccnsisting of a precisely machined pPlagtic block
designed to fit into the camera platform opening. The block
was milled flat across the top to a tolerance of ip.OBme
Rounds, grooves and vees of various depths and widths wetre
machined into 1t to a tolerance of +0.05mm (see Figure 7).

‘l' Figure 7. Machined Plastic Block Used For Calibration.

13
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The results of thé?coméaratiVe tests showed the Standard Error
wasiio.068mm for the horizontal accuracy and +0.112mm for the
vertical accuracy.’

5. Profile Measurements, Computations and Plots

Profile measurements are made on a Zeiss PSK Stereocomparator, a
precise XY coordinate measuring device with a least count of 1
micrometer (0,001 millimeter).

| XY doérdinates aldng 3 profilles in the stereoscopic portion of
each pair‘of color. fransparencies are read and recorded on punch
cards._ Readings and recordings on the fiducial marks and control
points (images'ofgmetfic scales) are also made.

. A mathematical thgée dimensional model is then created with the
aid of a computerﬁi This model is corrected for all known dis-
tortions such as ﬁ%hs observations and film distortion. The |
resulting output i% XY¥7Z ground coordinates of the profiles,

From the file of XYZ'profile coordinates, a plot tape is made
and the final profiles are then plotted automatically on the
Xynetics, Model 1200 Flatbed Plotter.

6. Resulting Data

Given sufficiént ﬁ%me and funds, photogrammetric technigques are

" capable of producihg any number of cross-sections of the stereo
area up to a miﬁiature topographle map of the whole area of pave-~
ment texture in the photographs. However, due to cost considera-
tions, 1f was decided that three cross-sectional profiles of the
texture be taken from each sterec photo. One, highly detailed,
across the center of the photo - transversely to the direction
of traffic - and two others, parallel to the first, at the quarter

14
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points. The latter two cross~sectlons would not be as detailed
as the first, but would provide the maximum-minimum asperity
heilghts and spaces between them.

The top and bottom profiles of the pavement surface are piotted
on a 1 to 1 scale from which visual familiarity can be obtained
for the actual pavement surface texture. Thé cénter; detailed
profile, 1s shown at a horizontal scale of 1 to 1 with the
vertical exaggerated to a 5 to 1 scale. The center profile is
used to calculate the "Texture Number' which is defined as:

T = Length of texture line (profile) between tick marks
divided by straight-line length between tick marks
(110mm).

Figures 8 through 13 show typical pavement surfaces and their
resulting protogrammetric plots of theilr profiles. The "Texture
Numbers“,'which Rave been calculated by the computer are also
shown along with the plotted proflles. For figure 8 the results
of the equation is:

T _111.65mm

T omm = 1.015

15
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Figure 8
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Figure 12
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APPENDIX A

EQUIPMENT AND PROCEDURE

Standard equipment and settings:

Film: ASA 64 (Color Slide Film)
’ Camera Shutter Speed: 1/4 second
Camera Aperture: £8
Camera Flash Synchronization: FX
Flash Setting: Automatic

Figure 1A - Assembled Stereo-Photo Unit
(Double exposure to show
black cloth cover.)_
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"Recommendéd Operating Procedure

1. Load camera with film (see owner's manual for instructions),
use color slide film ASA6L, |

2. Check batteries on flash (see owner's manual for instructions).

3. Assemble stand. Note fed, green, black color coding for proper

assembly of parts. Extend and\secure outer flaps of bottom plate

with chains provided.

<‘Figure 22 Assembled Stand

b, Set and wind watﬁﬁﬂfo proper date and time.
5.  Mount cameras and flash. Note color coding.

',MOST IMPORTANT: Cameras must always be placed in their respective

left-right positions; lens must always be matched to the same body.
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Lef't Camera Right Camera
CHC 12216 CHC 12215

. Body Serial No. 7436613 Body Serial No. 7424405
Lens Serial No. 370696 Lens Serial No. 336596
Prism: Black Prism: Silver
Color: Red Color: Green

Figure 3A Mounted Cameras and Flash

6. Attach twin cable release and flash wires to cameras (Figure
3A). Note color coding.

Te Advance film and cock shutters (due to closeness of cameras,

several short strokes are required for full cocking of the left

camera, see Figure 34).

h 8. Turn flash switch ON (set to "automatic" mode).
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Check the.féiidwingf

a. Both camera shutters cocked,

b. Wires and cable reéleases fit snugly.

c. Both shuéters at 1/4 sec.

d. Both apeftures at £-8 (if pavement seems unusually dark,
use £-5.6). J

e. Both 1ené focused at 0.4 meter mark (set the decimal
point of the 0.4 mark opposite the index).

f. Flash-in'“aﬁtomatic“ mode.

8. Lens covers off - lens clean.

h. Flash "ready-light" is glowing.
10. Place index card Wféh approprilate information in slot of
bottom plate. ‘ -
1l1. Cover entire ﬁnit with black clobth cover - secure by press-—
ing "velecro" fasténers{ Leave cable release outside the cover
(see Figure 14). Check that outer flaps of bottom plate are
not obscured from the cameras.,
12. - Place unit over area to be photographed - align unit with
the direction of traffic.
13. Press button of cable release with one quick and vigorous
move. (A very slow preséing motion may prevent both camera
shutters from ¢tripping simultaneously.
14, Note if flash occurred; it can usually be noticed through
the cloth; also, the flash ready-light would be out for approxi-
mately 10 seconds éfter firing. If flash did not occur, re-start
procedure beginning with step 9.
15. When sending film out for processing, tape a label to the
film container marked "Do Not Mount®.
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APPENDIX B

. NON-METRIC CAMERA CALIBRATION FOR CLOSE RANGE P'H.OTO'GRAM-METP{Y*

To achieve the desired accuracy for the pavement study 1t was
considered necessary to calibrate two 35 mm cameras for the
following parameters:

1l. Focal Length
2. Princlpal Point Location
3. Symmetric Radial Lens Distortion

The cameras are single-lens~reflex, 35 mm Nikon F's and 35 mm
lenses (24 mm x 36 mm format) and were calibrated at the distance
they will be used (400 mm from object plane to focal plane). To
determine the principal point location, four fiduclal marks were
carefully cut in the film mask as close to the corners as was
practical. Glass_plates'with photographic emulsion were cut to

. the cdrrect size, placed 1in the camera and exposed in the dark-
room with a strobe flash. The "flash plates" which show the
fiduclal marks were developed and read in a Zelss PSK Stereo-
comparator to determine the relative location of the fiducial
marks in each cameras. Thils information is necessary to correct
for film distortion and to provide reference points for a
rectangular coordinate system on the photographs.

A calibration target fleld was prepared consisting of a one inch
grid plotted by a high precision flatbed plotter. Eight oblique

photographs were taken of the test field with each camera, i.e.,
one from each of the four sides of the test field with the‘long

¥Memorandum from Division of Project Development, Office of CGeometronics
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side of the forﬁaﬁ?parallel to the tdrget surface and one from
each side wilth the short side of the format parallel to the .
target surface (Brown, '72). ' The cameras were titled approxi-
mately 25° from a vertical lens axis position and were aimed at
the center of the target field. Ideally, a 45° angle should

have been used but a 259 angle was necessary to keep the target
intersections in reasonable focus at the desired aperture (f8).
Approximatelonne hundred intersections in the target field were
visible in each of %he eight exposures but, of course, all inter-
sections were not common to all eight“exposures due to the camera
orientations and format. Approximately fifty intersections were
common to all eight exposures on each camera.

The eight ummounted film negatives from each camera were placed
in the stereocompé}ator and all target intersections on all
negatives were meaéured. These coordinate values were corrected
for £film distortion in the Image Coordinate Refinement Program
(Erio, '74) and the refined image coordinates were run in the
Small Block Adjustment Program (Erlo, '74) beginning with initial .
approximations of the exterior (spatial) orientation of the eight

camera positions. ~This program is based on the linearigzed

collinearity condition and will perform a simultaneous adjust-

ment and camera caiibration_of as many as twenty-five photo-

graphs at a time. Both cameras were calibrated using this

program for focal length (principal distance), principal point

location, and'symmétric lens distortion.

After the calibration was finished, two tests were devised Lo
check the system by comparison of photogrammetric values with
known values. For ‘these tests both cameras were mounted in the
platform to simulate conditions in production sltuations.
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The first test used an ultra-flat glass grid plate with eighteen
. steel machinists blocks (Johannsen Blocks) of various known

thicknesses placed on it. Stereo color transparencies were

taken and the grid plate intersections and the tops of the

blocks were measured with the stereocomparator. The grid

intersections were used for horizontal and vertical control.

The comparator coordinates were run through the adjustment _

program using the newly determined camera calibration values

and a statistical analysis was made to evaluate vertical

accuracy. Then the same compérator coordinates were run with-

out camera calibration to again evaluate the accuracy. Film

distortion corrections were used on both runs because the purpose

was to determine the improvement due to camera calibration only.

The results of vertical readings on the 18 blocks are shown below:

Without Camera Calibration With Camera Calibration
mm mm
Average Error - -0.,457 "=0.,025
| . Standard Error +0.559 40,203

The second test used color transparencies of a preclsely machined
plastic block which fit perfectly into the camera platform open-
ing. The block was milled flat acrossgs the top to a tolerance of
+0.03 mm and had various width grooves, rounds and vees machined
into it with all widths and depths known to a tolerance of + 0,05 mm.
The block was cross-sectloned on the stereocomparator in the same
manner as a productlon Job and the final results were compared
with the true measurements. The test was successful except some
of the grooves were too narrow for the bottom to be photographed
from both camera stations. The horizontal and vertical accuracy
of this test is as follows:

o
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i.Hofizeﬁtal Vertical

®

mm. ‘ mm
Average Error - 40;0095 o -0.068
Standard Error . +0.068 - +0.112
Mean Surface Reading | 87.773 mm
© standard Deviation + 0.116 mm
Maximum Deviétion from Mean + 0.374 mm

Surface Reading

Vertical accuracy statistics do not include depth readings in
the vees of the cdlibration block due to lack of correlation

with the given measurements, The depth readings in the open

grooves and on the Johannsen Blocks attest to the validity of
the system. : |
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