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DIGITALIZACJA
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AUTOMATYZACJA

SZANSA NA ZNACZACE PRZYSPIESZENIE TECHNOLOGICZNE
W KIERUNKU ZROWNOWAZONEJ INZYNIERII DROGOWE]
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ZROWNOWAZONA INZYNIERIA DROGOWA
WY ZWANIA

« OGRANICZENIE WPLYWU NA SRODOWISKO
> ABY SPOWOLNIC ZMIANY KLIMATYCZNE

« ZWIEKSZENIE ODPORNOSCI INFRASTRUKTURY
» ABY DOSTOSOWAC SIE DO ZMIAN KLIMATYCZNYCH
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Wiele juz zrobilismy w tej kwestii jako przemyst,;
srodowisko akademickie i administracja, ale musimy
przyspieszy¢ walidacje i wdrazanie nowych rozwiqzan.

Digitalizacja, Sztuczna Inteligencja i Automatyzacja
procesow mogq pomaoc Nam znaczqco przyspieszyc
transformacje w kierunku zrownowazonego rozwoju.

Kilka przyktadow...



OPTYMALNY PROJEKT
KONSTRUKCJI NAWIERZCHNI
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NAWIERZCHNIE WYSOKO-WYTRZYMALE 2015-2019

DLUGOWIECZNA NAWIERZCHNIA PODATNA (PERPETUAL PAVEMENT)
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3.5 New concepts for pavement
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INNE ODCINKI NAWIERZCHNI DLUGOWIECZNYCH

TRASA NOWOHUCKA KOSZALIN — USTRONIE MORSKIE ODCINKI PRZEJSCIOWE

KOMORNIKI — KRZESINY

CSORNA = SOPRON KRASNIK — JANOW LUBELSKI BOLY - IVANDARDA
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NAJLEPSZE TECHNOLOGIE WYKONAWCZE

POSYPYWARKA'ZINTEGROWANA Z

KOMPAKTASPHALT _,R‘SCIEACZEM WMA - ASFALT SRIENIONY
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LAAWANSOWANE LABORATORYJNE | TERENOWE
BADANIA KONTROLI JAKOSCI

FTIR - spektrometria laserowa DSR dla G*, MSCR, LAS PQI - 'nieniszczacy pomiar zageszczenia




ANALIZY PROBABILISTYCZNE | PRZEWIDYWANIA

METODA MONTE CARLO
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SPECYFIKACJE OPARTE NA ZACHOWANIU
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SPECYFIKACJE OPARTE NA ZACHOWANIU
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AUTOMATYZACJA SZTUCZNA
& ROBOTYZACJA INTELIGENCJA
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NAJPIERW DIGITALIZACJA

Pierwszym i najwazniejszym zadaniem jest
zbieranie wszystkich niezbednych DANYCH

w FORMIE CYFROWEJ i przechowywanie ich w
odpowiednio zaprojektowanej BAZIE DANYCH.
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ROZWOJ METOD ANALITYCZNYCH

Jak mozemy to poprawic?

é)tniety Graal

, , Zarzadzania Danymi
Co moze sie staCc w przysztosci? a4 y

wartos¢ biznesowa »

Dlaczego tak sie stato?

Co sie stato?

ANALITYKA: OPISOWA DIAGNOSTYCZNA  PRZEWIDUJACA

poziom ztozonosci »
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SZTUCZNA
INTELIGENCJA

CZY MOZE SIE NAM PRZYDAC?
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SZTUCZNA
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JAK MOZE SIE NAM PRZYDAC?



CZYM SI JEST OBECNIE?
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LARGE LANGUAGE MODELS E-COMERCE AUTONOMICZNE AUTA SAMOLADUJACE RAKIETY
Zaawansowane systemy optymalizacja logistyki w Al Autopilot: wizja Autopilot Al:
sztucznej inteligencii oparciu o przewidywania maszynowa, SiecCi kontrolowanie
zaprojektowane w celu zachowan uzytkownikow neuronowe, startow rakiet,
rozumienia, interpretowania i (analiza predykcyjna Big algorytmy autonomi lotow | lgdowan

generowania odpowiedzi Data)
podobnych do ludzkich nawet
na bardzo ztozone pytania



SYSTEMY SZTUCZNEJ INTELIGENCJI
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MOZLIWE ZASTOSOWANIA
W INZYNIERII DROGOWEJ

Kilka pomystow...
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UCZENIE MASZYNOWE - ANALITYKA PREDYKCYJNA

SZTUCZNA SIEC NEURONOWA DO PRZEWIDYWANIA PARAMETROW
MATERIALOW NA PODSTAWIE DANYCH HISTORYCZNYCH

PRZYKLAD: Sztuczna Sieé Neuronowa dla E* - Dynamiczny Modut Sztywnosci Zespolonej MMA



PRZEWIDYWANIE MODULU SZTYWNOSCI

DYNAMICZNEJ MMA

STANDARDOWE PODEJSCIE - ROWNANIE PRZEWIDUJACE

. Vb
log E =—1.249937 +0.029232 - p,,, —0.001767+(py,, )’ —0.002841- p, —0.058097-Va - 0.802208 -—ﬁf)+
s (b +Va
v et

, 3871977 -0.0021 p, +0.003958 pss —0.000017 (pss)” +0.005470- p,
1 4 o 0-603313-0 31335 log(/)-0.393532 log(1))

Where the variables represent:

E Asphalt Mix Dynamic Modulus, in 10° psi

n Bitumen viscosity in 10° poise (at any temperature, degree of aging)

f Load frequency n Hz

Va % air voids m the mix. by volume

Vb.z % effective bitumen content, by volume

pas  Yoretamed on the % mch sieve, by total aggregate weight (cumulative)
pis Yo retamed on the 3/8 mch sieve, by total aggregate weight (cumulative)
Ps % retamed on the No. 4 sieve, by total aggregate weight (cumulatrve)

Page Yo passing the No. 200 sieve, by total aggregate weight

FIGURE 26. Revised Dynamic Modulus Predictive Equation
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PRZEWIDYWANIE MODULU SZTYWNOSCI
DYNAMICZNEJ MMA

STANDARDOWE PODEJSCIE VS SZTUCZNA SIEC NEURONOWA (MATLAB)
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AUTOMATYZACJA PROCESOW
&
ROBOTYZACJA PRODUKCJI
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SYSTEMY ROZPOZNAWANIA OBRAZU

ROZPOZNAWANIE USZKODZEN NAWIERZCHNI NA PODSTAWIE WIDEOREJESTRACJI
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AUTOMATYCZNA IDENTYFIKACJA USZKODZEN Z
VIDEOREJESTRACJI ORAZ LIDAR
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AUTOMATYCZNA OCENA STANU NAWIERZCHNI

Z WYKORZYSTANIEM SIECI NEURONOWYCH

\

<o sustainability

Article

Intelligent Assessment of Pavement Condition Indices Using
Artificial Neural Networks

Sami Abdullah Osman ', Meshal Almoshaogeh >*, Arshad Jamal 1, Fawaz Alharbi 2,

Abdulh

d Abubakar Dalhat !

check for
updates

Citation: Osman, S.A ; Almoshaogeh,
M,;Jamal, A ; Alharbi, F; Al Mojil, A.
Dalhat, MA. Intelligent Assessment

of Pavement Condition Indices Using
Antificial Neural Networks.
Sustainabiity 2023, 15, 561. https:/ /
doi.ong/10.3390/5u15010561

Academic Editors: Luigi Pariota and
Francesco Abbondati
Received: 28 October 2022

Revised: 16 November 2022

Accepted: 29 November 2022
Published: 28 December 2022

[omom

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland
This article s an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https:/ /
creativecommons org/ licenses /by /
40/).

id Al Mojil ! and Muh

Transportation and Traffic Engineering Department, College of ing, Imam Bin Faisal
University, PO. Box 1982, Dammam 31451, Soudi Arabia

2 Department of Civil Engineering, College of Engineering, Qassim University, Buraidah 51452, Saudi Arabia

* G ce: m. edusa (M.A); ! edusa (AJ)

Abstract: The traditional manual approach of pavement condition evaluation is being replaced by
more sophisticated automated vehicle systems. Although these automated systems have eased and
hastened pavement management processes, research is ongoing to further improve their perfor-
mances. An average state road agency handles thousands of kilometers of the road network, most of
which have multiple lanes. Yet, for practical reasons, these automated sy:
ate road networks one lane at a time. This requires time, energy, and possibly more equipment and
manpower. Multiple Linear Regression (MLR) analysis and Artificial Neural Network (ANN) were
employed to examine the feasibility of modeling and predicting pavement distresses of multiple lanes
as functions of pavement distresses of a single adjacent lane. The successful implementation of this

tems are designed to evalu-

technique has the potential to cut the energy and time requirement at the condition evaluation stage
by at least half, for a uniform multi-lane highway. Results showed promising model performances
that indicate the possibility of evaluating a multi-lane highway pavement condition (PC) by single
lane inspection. Traffic direction parameters, location, and lane matching parameters contributed
significantly to the performance of the ANN PC prediction models.

Keywords: pavement condition; degradation; prediction; artificial intelligence; artificial neural
network; regression analysis; pavement evaluation; Saudi Arabia

1. Introduction

Artificial intelligence (Al) is an emerging area of computer science that uses different
types of machines and sensors to mimic intelligent human behavior. John McCarthy first
introduced Al in 1956 [1]; however, lack of technological innovations by the time limited
its applications. In the following decade (between 1960 to 1970) researchers explored Al
through artificial neural networks (ANNs) and Knowledge-based systems (KBS) [1]. ANNs
are systems of neurons connected in various layers and inspired by the human brain to
solve various complex real-life tasks. On the other hand, KBS systems are computers
that offer guidance based on pre-established rules based on the information fed to them
by humans. Application of the latest Machine Learning (ML) and Deep Learning (DL)
based technologies have revolutionized AL ML and DL have found various applications
in diverse fields such as face recognition and tracking [2], visual tracking [3,4], vision and
language navigation [5-7], and image and video editing [$-10]. In recent years, application
of such soft computing methodologies has received widespread applications for various
civil and transportation ing-related prob luding road safety [11-14], mode
choice modeling [15], energy demand modeling for electric vehicles [16-18], and traffic
sign detection and recognition [19,20]. Similarly, applications of these predictive modeling

approaches are reshaping the field of p: | and
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iPAVE COST BENEFITS

The iPAVe is a powerful tool that uses advanced technologies to collect and

analysefull-spectrum structural, surface and functional road condition data that is

critical for the efficient life-cycle management of road networks, saving billions

towards the fiscus by enabling optimal proactive, rather than reactive,

maintenance strategies to be identified.

Benefits and uses include:

« Significant cost saving per test/metre over traditional structural testing methods

« The measured data is vigorously analysed and used towards the provision of
safer road infrastructure

« Collects all pavement surface and structural parameters with high accuracy
inone pass

« Ability to operate at traffic speeds, improving production, safety and efficiency

« Continuous measurements at significantly higher resolution than traditional
techniques such as FWD

« Provides comprehensive data with which to make better informed decisions
forfinancially and technically appropriate rehabilitation and surfacing

W HAWKEYE

The first fully
integrated road
surface and
sub-surface
condition
assessment
system,

* Better QA/QC for road agencies, consultants and
contractorsoramotes accountability

In South
Africa and across
the world, there's
been a strong uptake in
demand for iPAVe from
design engineers and
transportation

providing
functional and
structural data
at highway
speeds.




ZINTEGROWANY AUTOMATYCZNY SYSTEM KONTROLI
JAKOSCI| PRODUKCJI MATERIALOW | UKLADANIA

NAWIERZCHNI ASFALTOWEJ

Introduction

Process control is the maintenance
or control of a certain characteristic
or set of characteristics for a product
during its manufacture o
processing. In aggregate production,
- one of the characteristics controlled
is the gradation of the partices, that
is, the percentage of the sample

he
percentage may vary within a limited
range specified for each sieve. For
example, 25 1o 35 percent of the
sample may pass the No. 4 sieve.!

Gradation control insures that
. products made from the aggregate
are acceptable and uniform. Undue
changes in aggregate gradation
affect, for example, the optimum
moisture content and maximum
density of base courses, the cement
and water requirements in portland
cement concrete, and the amount of
| binder required in bituminous mixes.

T

“Standardseve aumbers referted o this

article are the No. 4 sieve (4

19 o e e 30 seve 1 o (0.0
sieve (0.075 mm (0.003 inl).

Sieve numbers will be used inie:
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Process Control for

Aggregate Production

and Use

by

Stephen W. Forster
State highway and transportation  but include any technology that can
departments run more than 1 million b adapted to sizing aggregate. In

adation process control tests
annually, at a minimum of $15 per
test. Because these tests require
significant labor time, speeding up or
automating the testing process
would be cost effective. A task was
established under the Federally
Coordinated Program (FCP) of
Highway Research and Development
to examine current test methods and
equipment and develop faster, more
economical methods for monitoring
the gradation of aggregates during
production or use.

The objective of the FCP Task 4F7,
“Process Control for Aggregate
Production and Use,” is being
pursued in three ways:

* Shortcuts and alternatives to
standard sieve analysis procedures
are being examined. Alternative tests
currently in limited use are simpler
and faster than standard methods,
even though these tests still are
based on the sieving technique.

« Automated gradation testing is also
being studied. Techniques being
evaluated are not limited to
variations of mechanical screening

5

one approach the testing device i
online with the aggregate production
process; therefore, samples do not
have to be taken 1o a laboratory for
testing. In another approach a
prototype of an automated
instrument for laboratory testing is
being built.

« Several State highway and
transportation department testing
programs are being studied to
determine the costs and benefits of
shifting responsibility for most of the
gradation testing from the State to
the aggregate producers.

Current Practice

Under the FCP task, the Federal
Highway Administration (FHWA)
Region 10 Office of Federal Highway
Projects (Vancouver, Wash.)
surveyed the status of process
control testing of aggregate
gradation in the United States.
Shortcuts or alternative methods that
had the potential to reduce costs
while maintaining the accuracy of
test results were not
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DEVELOPMENT OF RAPID QC
PROCEDURES FOR
EVALUATION OF HMA
PROPERTIES DURING
PRODUCTION
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Abstract

‘The asphalc pavement construction morikoring system presented in this paper covers two main asphale pavement construc-
tion processes: hot mix asphak (HMA) plant production and the laydown and compaction operation. The main architecture
of the monitoring system, the development of the required hardware and the software structure, and the implemenaion
process are presented in this paper. The system i able to perform automatic dat collection and data trarsmission, 3nd can
automaticaly provide feedback to the construction site for reaktime asphalt pavement construction quality control. The
entire process works automatially withou much human incervention and covers the entire project throughout the entre
construction period i real time. The monitoring system was successfully implemented in the ZhaoMa Highway construction
project in China, where it proved to be effective and relable. The key
content and rproved 02 y level 25 shown by comparing before and after the
moritoring system's deployment. Satistical analysis becween asphalc core density and laydown and compaction monitoring
dara, colieced at 20 loasons, indicated that roling passes were highly correlated with densty, whereas finihing roling tem-
pumummwmmmnmwmlxuwummu~mmu¢wnmm
by this paper could improve asphak construction procedure quality control and asphak

pa-m construction quakty.

Since the first highway was established in China in 1988,
the construction of highways throughout the country has
developed rapidly. According to the Chinese govern-
ment’s statistics, by 2015, total highway milkage had
reached 120,000 kam (/).

Unfortunately, highway asphalt pavements have suf-
fered widespread premature failures. In addition o inad-
equate design and eavironmental issues, poor
construction quality is one of the major causes contribut-
ing to premature failure. Since 2007, Chinese researchers
have conducted extensive rescarch work with regard to
asphalt pavement quality. One area of these efforts is in
the field of quality control of asphall pavement
construction.

Many factors are associatad with pavement construc-
tion quality, with these grouped into two broad cate-
gories. External factors refer to the impact of raw
‘materials, construction-related machinery, and climate.
Technologies relate to the raw material production and
asphalt paving construction equipment, the development
of which has made satisfactory progress in China in the
last two decadss. The advancements in asphalt binder
and aggregate production technology have significantly
improved the quality of raw materials. The problems of

asphalt pavement construction, such as mixture segrega-
tion, have been more effectively controlled through the
use of large miving plants, large pavers, and other
advanced equipment

“The human-related factors are those that relate to the
skills and proficiency of the engincers and workers
involved in paving construction operations. It is not sur-
prising that contractors may make some alterations dur-
ing construction for profit purposes, such as changing
production paramters in the mix production plant,
altering the compaction procedure during the compac-
tion operation, or even falsifying test data (2). Results of
research studies have demonstrated that the above-
mentioned factors are the cause of a comsiderable portion

'MOE Key Liboraory for Urban Trnsporaean Compex Sysams Thacry
i Bajrg, O

Heidan Dz, Being P.R. Chira

Rasearch btsen of Highway, Miriay of Trasporacion, Haidon Disrict,
Bofog P R Chiea

“Befing Zhongiao Rukds Technsiony Co Lo, Being, China
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Figure 4. Automated Gradation Device

Figure 5. In-line Asphalt Viscometer Figure 6. Asphalt Meter Calibration Tank Figure 7. Robotic Truck Sampler
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Figure 4. Composition of HMA paving and compaction quality check system.

Note: RTK = real-time kinematic.

Roller op. parameters: T mee oz " a0 oo e

Type: Ingersoll Rand
DD130,

Speed: 0.7m/s,

Surface Temp: 95.19°C
Acceleration: 0.016 m/s?,
Swerve angular velocity:
0.023 rad/s,

Vibration: No
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Figure 6. (a) Web-based roller real-time working status; (b) roller driver working status user graphic interface; and (c) graphic display of

rolling quality statistics.
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AUTOMATYCZNA INSPEKCJA BUDOWY ZA
POMOCA DRONOW

Proceedings of the 35" International
Symposium on Automation and
Robotics in Construction (ISARC 2018)
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Figure 3: CIRCOM on-board sub-system MMI

Figure 3. UAS thermal imaging set up on I-69 (A: Placing GCPs, B,C: Pilot flying the UAS, D: UAS
flying at about 24m (80 ft)).

Figure 10. Differential cooling on the freshly placed HMA at the very beginning of the paving (A)

and along the roller tracks (B).
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WIRTUALNY TECHNOLOG LUB EKSPERT

MMA / PCC BADANIATYPU OCENA PRZYCZYN USZKODZEN PRZEWIDYWANIE | REKOMENDOWANIE
przyspieszenie identyfikacja i ocena przyczyn mozliwosc przewidywania
procesu projektowania przedwczesnych uszkodzen (Analiza Predykcyjna)
receptur | osiggniecie nawierzchni lub konstrukciji | zapobiegania btedom (Analiza
optymalnych sktadow budowlanych w oparciu o Preskryptywna) na etapie
potgczone informacje projektowania, produkgiji
dotyczgce parametrow | realizacji w czasie
materiatow, jakosci wykonania | rzeczywistym (online) w oparciu
warunkow eksploatacii o stale naptywajgce dane
| iInformacje
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