T

2024NHIHMSF0RMING IRANSPORT

HoulN S

a Subject : Mesoscale Image Acquisition Method for Asphalt Mixtures Using Microscopy
£ . IhSRESHENTMREBIGHIERERE

& Presenter : Ying Wang
HHEA - EEFE 1



I Stu.dy Qn lmagm of AsphaltM

H
S




St
i

udy on Imaging of Asphalt Mixtures 2024§H'ﬂﬂ"8f""m'"ﬁ TRATSPORT
HRAS RIS A

Research on the Influence of Mineral Filler Gradation on Asphalt
Mixture Performance
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Study on the Influence of Asphalt Film Structural Features on
Asphalt Mixture Performance
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Study on Asphalt Film Thickness
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Precision of Asphalt Mixture Image Research
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Title Author Precision Imaging System
A WE=T BE EliEREia =
Aggregate orientation and segregation in Hunter A. ,Airey G. , 0.7mm 085489,
laboratory compacted asphalt samples Collop A. ' Digital Camera
—METHFEIRCIERARNTERESEYISN | &8, fNLE, BF=R, 0.3mm CDDEE{aIE (& REES
HRFTaA Epiic ' Charge Domain Device
ETHFEGOERATEN ZS th S ISEY W/ = sazETD ZESTE
SENGE TR MIRT RS 9.5mm Digital Camera
TR AN AR ER RIS i 0.5mm ot
N EAES aHIERIEARFR=I=RITH LT ' Digital Camera
—METFEROTSELNT HERENSE | DERTBALNSR | 0.075mm U

Digital Camera

Comprehensive Evaluation of AIMS Texture,
Angularity and Dimension Measurements

Mahmoud E, Gates L,
Masad E, et al.

4.75mm

CTi3H
CT Scanning
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nsnanoVoxel 3000

Pors: Enables observation of the internal structure without disrupting the integrity of the sample.
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Cons: The image exhibits uneven brightness distribution and low accuracy.
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Pors: The image has high resolution, allowing for observation of microscopic-scale structures,

= BREES, ATLAREIGMRESS.

Cons: In secondary electron images, the aggregate particles used for identification are
sometimes not located on the same plane, which may lead to misinterpretation.
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Pors: The image exhibits high resolution, allowing for observation of mesoscale structures; it is
simple to operate and easy to obtain.

fim: BEBEERE, JLNMERRANMMRELSS, RMEER, ZIKEL,

Cons: There is no standardized procedure for image acquisition.
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Study on the Internal Structure of Asphalt Mixtures
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Research Method |  pifficult to achieve images It is challenging to capture the l : There is no standardized [
I with adequate precision. complete cross-section of the specimen. :  method for image acquisition. :
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Expected Outcomes :

|
[
High-resolution, comprehensive cross-sectional images of asphalt mixtures that can be utilized |

for identification and segmentation :
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: High-resolution, comprehensive cross-sectional images of asphalt mixtures that can be |
, utilized for identification and segmentation l
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Image Stitching Technique
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Image Preprocessing Method
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In the digital camera’s monitor, each grid within the bl-:
directional trisected reference lines (as shown) is manually !
selected and focused for individual capture. After completing :
the imaging within a single field of view, the position of the i
asphalt mixture specimen remains fixed while the camera:
position is adjusted. When repositioning the digital camera, ,
each field of view should contain a certain degree of overlap I
with the previous image.

Deep Learning-Based Image Segmentation Results
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In the digital camera’s monitor, each grid within the bi-directional trisected reference lines (as shown) is manually selected and
focused for individual capture. After completing the imaging within a single field of view, the position of the asphalt mixture
specimen remains fixed while the camera position is adjusted. When repositioning the digital camera, each field of view should

contain a certain degree of overlap with the previous image. .
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Mesoscale Image Acquisition Method for
Asphalt Mixtures Using Microscopy
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Image Preprocessing Method
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Deep Learning-Based Image Segmentation Results
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Merge images from various fields of view
within the same cross-sectional area.
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'1. Merge images captured ;
; at varying focal points within |
I the same field of view. '
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2. Merge images from various fields
of view within the same cross-
sectional area.
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1. Merge images captured
at varying focal points within
the same field of view.
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2. Merge images from various fields
of view within the same cross-
sectional area.
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| 2. BlgiHERDE
Image Stitching Technique

|
Remove spots left by asphalt mastic contamination:

on aggregate surfaces and variations in aggregate:
texture within large aggregate particles in the merged;
Image. Eliminating these factors helps prevent:
misleading artifacts that could interfere with training!
accuracy. :
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Image Preprocessing Method
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Deep Learning-Based Image Segmentation Results
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Texture removal is an unconventional preprocessing step, only necessary when digital images retain sufficient detail. Merged
cross-sectional images of asphalt mixtures provide extensive structural distribution details, while also preserving natural
aggregate textures and asphalt adhered to aggregate surfaces due to heat generated during sectioning. These inherent textures
and residual asphalt mastic on aggregate surfaces can lead to misclassification and interfere with segmentation algorithms in

subsequent aggregate identification tasks. Therefore, it is essential to address these artifacts prior to segmentation.
20
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Image Stitching Technique

this image acquisition and processing method exhlblt'
significant differences from directly captured images, .
both in terms of subjective visual perception and:
objective analytical metrics. |

|
|
|
|
|
|
. . . . . . |
: The high-resolution digital images obtained through,
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Image Preprocessing Method
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Deep Learning-Based Image Segmentation Results
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Original Image Feature Map 22
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The statistical results of aggregate particles 4
indicate that in the high-resolution image, a total i
of 588,513 aggregate particles were identified, %
nearly 34 times the total count in the standard
image (17,428). The particle distribution within 0.1
the size range >0.075 mm exhibits similar
statistical outcomes across both cross-sectional A
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The statistical results for each category across
the two images show no order-of-magnitude
differences but vary in particle counts,
indicating that the increased resolution and
sharpness of the digital image preserve more
detailed information on aggregate particle
boundary shapes. For particles within the size
range <0.075 mm, the high-resolution image
reveals a significantly larger particle count than
the standard image, indicating an order-of-
magnitude difference.
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In the high-resolution image, the proportion of &
aggregate particles <0.075 mm relative to the
total particle count aligns with the commonly 3
accepted distribution of particle counts across
size ranges in asphalt mixtures, indirectly 0.1
indicating the high-resolution image’s fidelity in
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© High-precision imaging technology enables more
ef' accurate analysis of asphalt mixture composition and
~ structure, optimizing material proportions to enhance

= 'v P durability and performance. This directly or indirectly
= | extends road lifespan and minimizes environmental
~ impacts associated with road maintenance. Furthermore,
research on asphalt mixture image acquisition methods
| supports the development of more eco-friendly materials
. and construction techniques, advancing sustainable
. transportation infrastructure and reducing natural
- | resource consumption.
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Thank you for your attention





