ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/237191325

An innovative digital image analysis approach to quantify the percentage of
voids in mineral aggregates of bituminous mixtures

Article in Canadian Journal of Civil Engineering - December 1998

DOI: 10.1139/cjce-25-6-1041

CITATIONS READS
22 258

4 authors, including:

Mohammed Taleb Obaidat H. R Al-Masaeid
4 Jordan University of Science and Technology; Jadara University o Jordan University of Science and Technology
99 PUBLICATIONS 376 CITATIONS 86 PUBLICATIONS 1,139 CITATIONS
SEE PROFILE SEE PROFILE

Taisir Khedaywi
Jordan University of Science and Technology

103 PUBLICATIONS 586 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Currently, | am working on geometric consistency of interchange elements View project

Project The Impact of Road Alignment Toward Road Safety: A Review from Statistical Perspective View project

All content following this page was uploaded by Mohammed Taleb Obaidat on 20 February 2019.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/237191325_An_innovative_digital_image_analysis_approach_to_quantify_the_percentage_of_voids_in_mineral_aggregates_of_bituminous_mixtures?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/237191325_An_innovative_digital_image_analysis_approach_to_quantify_the_percentage_of_voids_in_mineral_aggregates_of_bituminous_mixtures?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Currently-I-am-working-on-geometric-consistency-of-interchange-elements?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/The-Impact-of-Road-Alignment-Toward-Road-Safety-A-Review-from-Statistical-Perspective?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Obaidat?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Obaidat?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Obaidat?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H-Al-Masaeid?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H-Al-Masaeid?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Jordan-University-of-Science-and-Technology?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H-Al-Masaeid?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Taisir-Khedaywi?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Taisir-Khedaywi?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Jordan-University-of-Science-and-Technology?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Taisir-Khedaywi?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Obaidat?enrichId=rgreq-0b3464b4358a24b56a9b3403dacf69c1-XXX&enrichSource=Y292ZXJQYWdlOzIzNzE5MTMyNTtBUzo3Mjg0ODg1MjkxMDQ5MDBAMTU1MDY5NjYwODY2Mw%3D%3D&el=1_x_10&_esc=publicationCoverPdf

1041

An innovative digital image analysis approach to
quantify the percentage of voids in mineral
aggregates of bituminous mixtures

Mohammed Taleb Obaidat, Hashem R. Al-Masaeid, Fouad Gharaybeh,
and Taisir S. Khedaywi

Abstract: The objective of this study was to examine the feasibility of using a semiautomated computer-vision system
to quantify the percentage of voids in mineral aggregates (VMA%) of bituminous mixtures. The system used a hybrid
procedure which utilized a digital image analysis scheme and a planimeter surveying instrument. Thirty-nine Marshall
specimens were prepared using limestone and gravel aggregates. Values of VMA% were obtained using the ASTM
conventional procedure and the computer-vision procedure. To compute VMA% using the computer-vision procedure,
normal case photography with uniform scale images was used to map horizontal and vertical cross sections of Marshall
specimens. Image domain measurements were corrected for distortion. Spatial filters and image processing operations
were used to enhance the aggregate edges. Experimental results showed slight variations between VMA% computed
using conventional and the computer-vision procedures. The average differences of VMA% between conventional and
the computer-vision procedures were 0.81% and 0.006% for gravel and limestone specimens, respectively.
Measurements of VMA% for limestone mixtures were more precise than those for gravel mixtures because of the
angular edge shape of limestone particles. Variations in VMA% were due to the anisotropic properties of asphalt
mixtures, aggregate distribution in the asphalt mixture, and different shapes of aggregates. Using the computer-vision-
based technique, VMA% of horizontal and vertical cross sections were 50% consistent. The existence of fine aggregate
in the asphalt mixture affected the accuracy potential of the developed system because a low-resolution camera was
used. Increasing the camera resolution and automating the area computation of aggregate are expected to enhance the
potential accuracy of the procedure. The proposed method for VMA quantification is anticipated to improve field

quality control of hot-mix asphalt (HMA). The use of computer-vision technology with bituminous mixtures can open

the doors to a wide variety of applications.

Key words bituminous mixtures, voids in mineral aggregate, computer vision, automation, image processing.

Résumé: Lobjectif de cette étude était d’examiner la faisabilité de l'utilisation un systeme de vision par ordinateur
semi-automatisé pour quantifier le pourcentage de vides dans les granulats mineraux (%VGM) de mélanges bitumineux.
Le systeme a utilisé une procédure hybride qui utilisait un plan d’analyse digitale d'images et un instrument de
planimétrie. Trente-neuf spécimens Marchall ont été préparés en utilisant des granulats de calcaire et de gravier. Les
pourcentages de VGM étaient calculés par la procédure ASTM conventionnelle et la procédure de vision par

ordinateur. Des images a echelle uniforme obtenues par photographie de cas normaux, furent utilisée pour établir des
coupes transversales horizontales et verticales de spécimens afin de calculer le %VGM par la procédure de vision par
ordinateur. Les mesures du domaine d’'image étaient rectifiées pour tenir compte de déformations. Des filtres spatiaux
et des opérations de traitement d’'images furent utilisés pour rehausser les bords des granulats. Les résultats
expérimentaux ont montrés de légéres variations entre les %VGM calculés par les procédures conventionelles et ceux
calculés par vision par ordinateur. Les différences de %VGM moyennes entre les procédures conventionnelles et celles
de vision par ordinateur étaient 0,81 et 0,006% pour les spécimens de gravier et de calcaire respectivement. Les
mesures de %VGM pour les mélanges calcaires étaient plus précises que pour les mélanges de gravier, a cause de la
forme du bord angulaire des particules de calcaire. Les variations de %VGM étaient dues aux propriétés non-
isotropiques des mélanges d’asphalte, a la distribution du granulat dans le mélange d’asphalte et aux formes différentes
des granulats. Les %VGM des coupes transversales horizontales et verticales obtenus par la technique de vision par
ordinateur, étaient cohérents a 50%. La présence de fins granulats dans le mélange d’asphalte a affecté le potentiel de
précision du systeme développé. Cela était di a I'emploi d'une caméra a basse résolution. L'augmentation de la
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résolution de la caméra et I'automatisation du calcul de la superficie des granulats sont supposés accroitre le potentiel
de précision de la procédure utilisée. La méthode proposée pour quantifier le VGM est supposée améliorer le contrdle
de qualité sur le chantier des mélanges d’asphalte chauds. L'utilisation de la technique de vision par ordinateur pour
les mélanges bitumineux peut dorénavant ouvrir la porte a un large éventail d’applications.

Mots clés: mélanges bitumineux, vides dans les granulats mineraux, vision par ordinateur, automatisation, traitement
d’'image.

[Traduit par la Rédaction]

Introduction and background information Different measurement parameters including shape, size, di
ameter, and surface area can also be defined. As one of the

The percentage of voids in the compacted mineral aggreinformation-technology tools, the prices of devices associ

gates (VMA%) of hot-mix asphalt (HMA) is defined as the ated with image analysis techniques have fallen, which en
percentage of void spaces between the granular particles, reourages researchers to use such techniques (Wigan 1985).
lated to the total volume of the compacted mixture. VMA%  consequently, the spatial distribution of coarse aggregate
includes the air voids and the volume occupied by the effecmjcrostructure can be measured and analyzed using digital
tive asphalt content. Figure 1 shows the VMA%, air voids,image analysis. Yue et al. (1995) showed that the aggregate

and effective asphalt content in compacted asphalt pavingarticles are randomly oriented in the asphalt concrete mix
mixture. In addition to size gradation, VMA% is one of the t,re and have larger areas on horizontal cross sections than
most important HMA design criteria to obtain durable pave on vertical cross sections. This indicates that any technique
ment. VMA% also affects permanent deformation and fa ysed to measure asphalt concrete mixtures should take into
tigue performance of a compacted mix (Harvey et al. 1994¢onsideration horizontal and vertical cross sections because

Hinrichsen and Heggen 1996). VMA% and shape of aggreof the anisotropic properties of mixtures. Thus, the aggre-

gate particles influence workability, shear resistance, tensilgate distribution is expected to affect the accuracy of the ex-
strength, fatigue, stiffness, durability, and optimum binderyacted measurements.

cogtent (H?fgeltt 1970& Barksdalje etal. 1991\)/MA(V . Image analysis technique has also been used to evaluate
onventional procedures used to quantify 0 TeQUIr€,4qregate blends for the amount of fine aggregate of sili-

a series of exhaustive analytical and laboratory steps whl_c eous sand-size particles (Thomas et al. 1994). In fact, the

depend on different types of specific gravities of the bitum"automated ima ; ; ; ;
. : ge analysis technique was used with a higher
nous mixes (Asphalt Institute 1988). For cored HMA sam-qgoqree of confidence and accuracy than manual techniques.

ples, the size gradation of aggregates could be found using . )
the quantitative extraction of bituminous paving mixtures On the other hand_, automated_ image analysis of pavement
stresses is promising and indicates that the task of

where aggregates obtained by those methods were maing}utcmatin the analysis of pavement images is feasible
used for sieve analysis. Although these conventional laboras 9 y P . 9
tory-based methods are accurate, they are time-consumi outsopoulos and Sanhouri 1991). Different approaches for

because they require extensive laboratory work. This is con tomatic Interpretation of pavement distresses, espeC|aII_y
sidered one of the major drawbacks of the conventionaf:r"’mk.S and rutting, have been investigated and are used in
techniques, especially considering that asphalt concrete is Ryactice (Obaidat et al. 1997). ) _

heterogeneous material consisting of asphalt cement, voids, Other methods, such as the fractionating water column
and different aggregates gradation. Various innovative methMmethodology and national aggregate association flow test,
ods are available to facilitate the quantification of VMA% &ré available to automate the size-gradation analysis of the
and size gradation of aggregate. One of the most effectiviner portion of aggregate (<2.38 mm) (Aljassar and Haas
methods is the digital image processing and analysis-techt994; Cross et al. 1994). These methods use a hybrid system
nique. This method provides the capability for rapid and© automate the analysis of aggregate blend. The modified
high potential accuracy measurements of the characteristiddtional aggregate association flow test replaced the use of
of asphalt and aggregate particles. Further, numerous negHCroscopic evaluatlon. of. fine aggregate to determine the
real-time measurement activities for each particle can b@ercent crushed material in the mix.

quantified. For example, Yue et al. (1995) used a digital im Harvey et al. (1994) investigated the effects of laboratory
age processing technique to quantify the distribution, eriencompaction devices such as the rolling wheel, gyrator, and
tation, and shape of coarse aggregates having a diametépeader on asphalt aggregate structure using an image anal
larger than 2 mm in asphalt concrete mixtures. Their quantiysis of plane sections cut from specimens. They also studied
tative results indicated that the microstructure characteristicthe effects of specimen surface condition on air-void struc
of asphalt concrete mixtures can be accurately measured ugire. Their results indicated that the outer periphery of as-
ing a digital image processing technique, and that the-meg&ompacted specimens has a different air-void and aggregate
sured cross sections of coarse aggregate particles have thgucture than that found inside the specimen. Rolling-wheel
tendency to lie horizontally in the mixture. Kuo et al. (1996) specimens cut and cored from larger masses had little air-
used three-dimensional image analysis techniques of aggr&oid content gradient.

gate particles to quantify the long, intermediate, and short The objective of this research was to develop a new ap
particle dimensions. These measurements provided diregroach to quantify VMA% of bituminous mixtures using an
measures of the flatness and elongation of the particlesmage-based technique. The technique uses a normal-based

© 1998 NRC Canada
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Fig. 1. VMA%, air voids, and effective asphalt content in compacted asphalt paving mixture (Asphalt Institute 1988).
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progress has been made toward the automation of grad Gqp

tion analysis of the coarse portions of an aggregate blend,

therefore gradation analysis was excluded from this studywhere VMA% is the percentage of voids in the minerat ag

(Aljassar and Haas 1994). gregate (percentage of bulk volumé&y is the bulk specific
gravity of the aggregates,,, is the bulk specific gravity of
the compacted mixture according to ASTM Standard D2726

charged-coupled-device (CCD) camera configuration. Muc 1] VMA% :100—Gmbps

Experiment setup (ASTM 1981b), and Py is the percent aggregate by total
weight of the mixture.
HMA samples After quantifying VMA% using the conventional proce

Two types of aggregates, i.e., limestone and gravel, andures according to ASTM (1981) and Asphalt Institute
asphalt cement (AC) of type AC-10 (80-100 penetration)(1988), the samples were cut along longitudinal (vertical)
were used in this study. Table 1 shows the properties of AGnd horizontal cross sections using an electric stone cutting
used in the study, and Table 2 shows the aggregate gradatiomachine.
and the job mixing formula to prepare Marshall specimens
used according to specifications of the Jordanian Ministry ofSpecimen mapping
Public Works and Housing (MPWH). Normal case photography of close-range photogrammetric

Twenty-one Marshall specimens using gravel aggregatenapping as described by Ghosh (1988) was used in this
and 18 crushed limestone specimens were used in the studstudy. Normal case photography produces a constant scale
For the purpose of VMA% data analysis, every three specifor a flat two-dimensional surface. A single camera was suf
mens (having similar mixing conditions) for each type wereficient to map the bituminous mixture specimens from one
represented by taking the average values of the computgabsition. Scale uniformity was controlled by making the op
VMA%. Marshall specimens were prepared according tatical axis of the camera perpendicular to the object—space
American Society for Testing and Materials (ASTM) Stan plane of the specimen. The camera was mounted on a tripod
dard D1559 (ASTM 1984). The following equation was equipped with a manual leveling unit. To determine the scale
used to compute VMA% using the conventional procedureof the mapped images, a 10 cm x 10 cm square (which
(Asphalt Institute 1988): should appear in every image) was outlined in black on a

© 1998 NRC Canada
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Table 1. Properties of asphalt cement used in the study.

Test Result Methods
Ductility at 25°C (cm) 100 minimum ASTM D113
Penetration at 25°C (0.1 mm), 100 g, and 5 s 80-100 ASTM D5
Softening point (°C) 45.8-52.0 ASTM D36
Specific gravity at 25°C 1.014 ASTM D70
Solubility in trichloroethylene (wt.%) 99.5 minimum ASTM D2042
Flash point (Cleveland open cup) (°C) 320 minimum ASTM D92

Note: All tests except solubility and flash point based on laboratory results.

Table 2. Aggregate gradation used in the study. were refined to correct for decentering and radial distortions
of the camera lens using the correction model shown in the
following equations (Wiley and Wong 1990):

Percent passing

Sieve size Specificatién Job mixing formula 2 B A

. X =X + 4
1in. (25 mm) 100 100 [2] P75 TR
3/4 in. (19 mm) 90-100 95 [3] ¥, =y, +Ay
1/2 in. (12.5 mm) 71-90 80.5 _ _ _
3/8 in. (9.5 mm) 56—80 68 wherex; andy; are the corrected image coordinates of im
No. 4 (4.75 mm) 35-65 50 age point j,xj andy; are the measured image point coerdi
No. 8 (2.35 mm) 2349 36 nates of point j, andd and Ay, are the corresponding
No. 20 (850um) 14-43 285 corrections for the distortion effect of the image.
No. 50 (300um) 5-19 12
No. 80 (180pum) 4-15 9.5 Software development
No. 200 (75um) 2-8 5 . .

- — . . Computer software was needed to capture images, iden-
Spejgfrﬂirt‘ifr’]‘ Ministry of Public Works and Housing (MPWH) tify and position targets in the image domain, refine image

coordinates to correct for radial and decentering distortions,
apply spatial filters to images, and perform edge enhance-
piece of white paper to provide different background intensi-nent. Image acquisition was performed using an existing
ties. Image scale was computed by knowing the objectfunction provided in silicon video image processing (SVIP)
space and image lengths of each side of the square. software with a PC vision system (EPIX Incorporated 1993);
A Samsung model SCX 800 8 mm CCD camera was usedommercial software was not readily available for the rest of
to capture images of the tested specimens. The camera hash& required operations. Therefore, software was developed
low-resolution capability, but its geometric fidelity and low for the purpose of implementation of this work.
cost (less than US$500) encouraged its use in this study. A
personal computer (PC) equipped with a digitizing boardimage coordinates
and a video monitor, forming the basic components of-a vi A targeting program was developed to identify the
sion system, were used to display digital images of theposition of image points in two dimensions on any displayed
mapped specimens. Vision system usage was restricted tmage using any image format. The origin of image coordi
freezing image frames and converting from analogue to diginates was selected to be the upper left corner of the image.
tal (A/D) image format. A camera focal setting of about Equations [1] and [2] were then used to refine image coeordi
40 mm (1 mm is equivalent to about 94.5 pixels) was usedates, i.e., to find the corrected image coordinates. Ceorrec
in this study because it had the capability of visualizing thetions for bothx or y coordinate should be unique for every
mapped specimens in the camera field of view with reasonimage point.
able scale. The CCD camera was calibrated using a planar
wall object to define its interior geometry, i.e., the effective Spatial filters
focal length in pixels, radial and decentering lens distortion Development of image processing operations was needed
parameters, and the affine scaling parameter (Obaidat and provide spatial and edge-enhancement filters. Spatial fil
Wong 1996). The camera was albal m from the tested ters may provide low-pass, median, high-pass, or edge-
specimens, and the specimens were approximately centeredhancement filters. Low-pass, median, or high-pass filters
in the image in order to minimize the distortion affect andreplace each pixel with the results of a 3 x 3, i.e., 9 pixels,
assure scale uniformity. convolution with a different kernel on the full image or a se
The digitizing board was used to capture digital imagedected image window defined by the user. The 9 pixels in the
using a standard monochrome phase alteration line (PAL3 x 3 neighborhood are examined, then the pixels with val
system format of 752H x 480V pixels at 256 gray levels.ues within plus or minus a threshold (selected by the user)
Then the image was saved as a binary format file. Image coof the value of the center pixel are used to form an average
ordinates for the square used for scale were measured divhich replaces the center pixel. Thus, edge smear will be
rectly from the computer screen to a subpixel accuracy. Iiminimized and noise will be reduced. For example, a high-
order to overcome the problem of distortion of bundles ofpass filter enhances edges and makes image appear sharper
rays passing through the lens, measured image coordinatby subtracting a blurred image from the original image.

© 1998 NRC Canada



Obaidat et al. 1045

Fig. 2. Digital video images for limestone asphalt concrete mixtuag:hrizontal cross section and)(vertical cross section.

The contrast of the edges was enhanced by applying th@) Digitizing the captured images into a digital format us
edge-enhancement operation. This simply subtracts the mag ing the PC equipped with a digitizing board.
nitude of the edge gradient from the image. (3) Sharpening and enhancing the images using the image-
processing software specifically developed for the-pur
pose of facilitating the extraction of edges of aggregate
boundaries. Figure 2 shows examples of horizontal and
vertical cross section digital video images of limestone
The following hybrid steps were used to quantify VMA% asphalt concrete mixture, and Fig. 3 shows their respec
for the studied samples: tive sharpened and enhanced images.
(1) Capturing video images for horizontal cross sectiong4) Printing a high-resolution image of the specimens and
and vertical cross sections (longitudinal profiles) of  the scale squares captured next to them using a laser
Marshall samples. printer.

VMA% quantification procedure

© 1998 NRC Canada
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Fig. 3. Sharpened and enhanced images of limestone asphalt concrete migjunerigontal cross section anth)(vertical cross
section.

(5) Manually measuring the total area of each specimen andihere Aq is the total area of the specimef, is the area of
the area of aggregates using the planimeter for the horiaggregate particle andn is the number of aggregate parti
zontal cross sections and longitudinal profiles (verticalcles in the specimen.
cross sections). _ _ It is worthwhile mentioning here that the area (rather than
(6) Computing VMA% for each specimen by subtracting specimen volume or density) was used for each cross section
the area of aggregates from the specimen area using thg compute VMA% because aggregate shape and mixture

following formula: varied for each cross section, i.e., it is anisotropic. The
0 n 0 aforementioned steps, except step 5, were operated with full
[4] VMA%=D’\S—Z AO / Ag automation capability using digital images of the HMA
H = fH microstructure.

© 1998 NRC Canada
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Table 3. VMA% for specimens using the not require the availability of experts nor extensive labor.

conventional laboratory procedure. This means that site and consultant engineers can control the
quality of HMA without using conventional laboratory-in

A_ggregate type VMA% vestigation.

Limestone 13.4 This study was limited to the use of normal-based photog

Gravel 15.7 raphy captured by CCD camera. Normal-based photography

has the advantage of image scale uniformity. Stereovision
technology and the electronic scanning microscope (ESM)
may be other alternatives with better accuracy potential to
Experimental results and analysis quantify VMA%. Unfortunately, ESM is not available due to
limited resources, and stereovision requires that the speci
Tables 3 and 4 show the computed VMA% of asphalt-con jen he mapped from two different perspectives using single
crete mixtures of limestone and gravel using the conveng:. qya| cameras and it also requires longer to perform the
tional procedures and the proposed computer vision bas&dmera calibration procedure. These two factors require ex
procedure, respectively. The average VMA% using CORVeNy 4 time and thus do not encourage the use of stereovision
tional procedures for mixes containing Ilmestpne and graveiechnology for VMA% quantification, especially when seek
aggregates were 13.4% and 15.7%, respectively. As showRq nractical and easy to use procedures to overcome the
in Table 4, there were variations in VMA% computed usingproplems associated with the available conventional labora
the computer vision based technique between the horlzont%ry procedure. Because of these reasons stereovision tech
and vertical cross sections for all specimens consisting o ology was not used in this study.
gravel and limestone. This was not due to accuracy Prob  rpg patential of CCD cameras to capture clear images,
lems associated with the computer vision technique, but t‘?.e., higher scale images, for fine aggregate is another limita

the anisotropic properties of asphalt mixtures. Thus, the agjon of this study which affected the accuracy potential of
gregate distribution in the asphalt mixture was responsibleo measured VMA%.

for the differences in the VMA% between the computer vi-

0, I 1 -
sion based technique and the conventional procedure. Thj The method presented to assess VMA% is less time

l:sonsuming than the conventional method; however, this ad-
was also noted by Yue et al.0(1995). . vantage is seriously compromised by the fact that the new
D|ﬁe(e_nces between VMA% computed using the COM-method is semiautomated, since the total area of aggregates
puter vision based technique and the conventional proceduori cross sections is measured manually with a planimeter.
ar% sgc())v(\)/gc;n fTabIe > 'll'he 51\/|(_arage dlfferencgas were 0.81 he development of a fully automated system to measure the
?n | .Th °b orl gt]ra\d/% an |meston% zg/’ec'r%egs’zsr;Spe%{ggregate content is possible by using any image-processing
Ively. The absolute dilferences wereé 5.4% and 2£.28%, egqpyare or technique. However, it was not used in this

) . : 0 _ ]

spectively, fotr ?ravle_:l antd Ilme_st?ne Specimens. VMA./Ostudy because there was no image-processing software pack-

{Eeast%remefn S for I|mgstone ngltx u(;esdwere m?re prectls ge readily available during the implementation of this re-
an those for gravel mixtures. standard errors of COMpUtedy ooy \work, Therefore, despite the limitations of the

VMA% were used as indicators of precision, with values of . - :

; ' X method presented herein, it has the potential to bridge the
4.2% and 2.'7.% for gravel anq limestone, res'pectlvely. Th ap betveeen conventional procedureg and fully auto?nated
computer vision k(J)ased te_c_hnlque ShOWEd higher potentigg, 2 ntification methods to find VMA%; however, it is not a
accuracy in VMA% quantification for limestone mixtures substitute for the conventional procedure unless it is icor

due to the angular edge shape of par.t|c|e.s. In gravel aggr orated with a fully automated image-based analysis proce
gates the edges were less sharp, which increases the po Fhire to measure aggregate content

bility of errors while measuring the area of aggregate using
the planimeter.

Summary and conclusions
The potential and limitations of the

system An attempt was made to quantify VMA% of bituminous

mixtures using a semiautomated hybrid system which uti
The system presented herein has the potential to bridgkzed a digital image analysis scheme and planimeter survey
the gap between conventional procedures and fully -autoing instrument. From the described laboratory and normal-
mated quantification methods to quantify VMA%. The sys based image analysis scheme, it was found that the computer
tem does not require extensive computational and analyticalision technique was sufficiently accurate to quantify
efforts to compute VMA%, rather a direct measurement proVMA%. It was found that the use of the image analysis
cedure is used. Thus, VMA% quantification will not require technique for VMA% computation is practical. The experi
extraction of aggregates for Marshall specimens or highwaynent emphasized the importance of the application of spatial
cores, nor will it require computational procedure to quan filters and image-processing operations to enhance aggregate
tify bulk specific gravity, maximum theoretical density,-as edge detection. Variations in VMA% between horizontal and
phalt content, etc. The practicality, near real-time potentialyertical cross sections were most likely due to the
and ease-of-use characteristics of the system will open thanisotropic properties of asphalt mixtures. Other factors af
door for image-based and microstructure analysis of HMAfecting the consistency of the results include aggregate dis
for applications such as gradation (aggregate size anttibution in the asphalt mixture and different shapes of
shape), stripping, and distress assessments. The system daeggregates. In fact, the low-resolution image, which- pre
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Table 4. VMA% results using the vision procedure.

Average area of Average area of full
aggregate (cR)? section (crd) VMA% Average VMA%
Sample  Vertical Horizontal ~ Vertical Horizontal VMA% from from horizontal of vertical and
No. section section section section vertical section section horizontal sections
Gravel aggregate
A-G 46.6 80.9 57.6 90.1 19.0 10.2 14.6
B-G 31.0 73.2 42.1 87.0 26.4 15.8 21.1
C-G 41.6 71.2 55.7 89.6 25.2 20.5 22.8
D-G 68.0 72.6 82.6 88.4 17.7 17.8 17.7
E-G 39.2 81.7 47.7 89.9 17.8 9.0 13.4
F-G 44.7 82.0 53.8 89.6 16.8 8.5 12.6
G-G 40.6 83.1 48.4 92.1 16.1 9.7 12.9
Average 19.9 13.1 16.5
Limestone
A-L 67.6 80.9 80.9 93.3 16.4 13.2 14.8
B-L 36.3 89.4 45.0 103.7 19.3 13.7 16.5
C-L 88.4 86.7 97.9 96.9 9.3 10.5 10.0
D-L 47.0 88.1 55.7 98.1 15.6 10.1 12.9
F-L 40.9 76.1 49.6 88.2 17.5 13.7 15.6
G-L 455 78.0 49.9 88.7 8.7 12.0 10.3
Average 14.5 12.2 13.4

*Average of three specimens.

Table 5. VMA% differences between conventional and vision  Asphalt Institute. 1988. Mix design method for asphalt concrete
procedures. and other hot mix types. Manual Series Number 2 (MS-2), As-

phalt Institute, Lexington, Ky.
Staf‘d‘.""d Average VMA ASTM. 1981a. Traveled surface characteristi¢s.Annual book of
Average VMA deviation  absolute

ASTM standards. Part 15: Road, paving, bituminous materials.

Aggregate type difference (%) (%) difference (%) Standard ASTM D1559, American Society for Testing and
Gravel 0.81 4.2 3.40 Materials, Philadelphia, Pa.
Limestone 0.006 2.7 2.28 ASTM. 198Db. Traveled surface characteristi¢s.Annual book of

ASTM standards. Part 15: Road, paving, bituminous materials.
Standard ASTM D2726, American Society for Testing and
Materials, Philadelphia, Pa.
Barksdale, R.D., Kemp, M.A., Sheffield, W.J., and Hubbard, J.L.
1991. Measurement of aggregate shape, surface area, and rough

vented visualization of fine particles, was a major factor in
reducing the accuracy of the computed VMA%. The VMA%
measurements for I|me_stone mIxXtures were more Precise g qq Tansportation Research Record 1301, Transportation
than thc_)se for gravel ,m'XtureS because of the angular edges Research Board, National Research Council, Washington, D.C.,
of the limestone particles. Therefore, the method could be ,, 197_116.

successfully used to quantify VMA% for limestone HMA. cross, S.A., Smith, B.J., and Clowers, K.A. 1994. Evaluation of

Despite its limitations, the system presented herein has the fine aggregate angularity using national aggregate association
potential to bridge the gap between conventional procedures flow test. Transportation Research Record 1437, Transportation

and fully automated quantification methods to quantify Research Board, National Research Council, Washington, D.C.,
VMA%. It is anticipated that increasing the image resolution pp. 43-50.

and scale will enhance the consistency of the results. EPIX Incorporated. 1993. SVIP-SVIPTOOL interactive image
analysis, version 6.8. EPIX Incorporated, Northbrook, IIl.
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