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Development of Noise and Al-based Pavement Condition Rating
Evaluation System
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Abstract This study developed low-cost and high-efficiency pavement condition monitoring technology
to produce the key information required for pavement management. A noise and artificial
intelligence-based monitoring system was devised to compensate for the shortcomings of existing
high-end equipment that relies on visual information and high-end sensors. From idea establishment to
system development, functional definition, information flow, architecture design, and finally, on-site field
evaluations were carried out. As a result, confidence in the high level of artificial intelligence evaluation
was secured. In addition, hardware and software elements and well-organized guidelines on system
utilization were developed. The on-site evaluation process confirmed that non-experts could easily and
quickly investigate and visualized the data. The evaluation results could support the management works
of road managers. Furthermore, it could improve the completeness of the technologies, such as prior
discriminating techniques for external conditions that are not considered in Al learning, system
simplification, and variable speed response techniques. This paper presents a new paradigm for

pavement monitoring technology that has lasted since the 1960s.
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PART A : Noise Measurement process

Measurement conditions
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System
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Output

[ Driving " Measurement system |—l-| Noise, speed, location, distance etc.

PART B : Al Learning and evaluation process
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Fig. 1. Diagram of system information flow
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Table 1. System components
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Fig. 2. System architecture of tire-surface noise

measurement and processing system
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KEY TO MICROPHONES

1= *Front mandatory microphone
2= ‘Rear’ mandatory microphone

3= Middle’ optional microphone
4= Front’ optional microphone
5 ="Rear optional microphone

Plane of
undeflected
sidewall

Fig. 3. Microphones position standard(source:

1S011819-2)

Components Equipment Quantity Note
Passenger car 1 Gasoline
Vehicle unit
Standard tire 2 Referred to 1SO11819-3 [4]
Microphone mount 1 Referred to 1SO11819-2 (see Fig. 3) [5]
Microphone 2 Referred to 1SO11819-2
Tire-surface noise GPS receiver 1 Entry type
d Measurement -
measurement an unit Imaging cam 1~3 Mounted on frost, side and back
processing system
Distance/speed meter 1 Car wheel mounted type
Sub modules 1 USB hub, power' inveFter, cables, system
actuation trigger etc.
Data collection and Data logger 1 Integrated data logger
processing unit Lab top 1 High performance GPU installed (For Al)
Pavement . Noise data processing S/W 1 Data processing for Al application
L. Data processing, . o .
condition grade analysis and Pattern recognition S/W 1 4 type of pattern recognition Al algorithms
evaluatlon Al visualization unit Result reporting and 1 Network service score, color-coded state on
system

visualization S/W

digital map(via Google Earth)
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Fig. 4. Proto-type production (Case: On-board type
microphone & DMI mount, and multi-channel
cam)
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Fig. 5. Visualization of pavement condition rating
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Table 2. Definition of pavement condition rating-4

grade
Ratings Descriptions
Best or good conditions without any
A(Good) : deterioration on surface course.

Tolerable level
Action : Maintenance is not required

No problem in road service, but minor

B(Fair) : linear cracks and surface wear initiated.

Repair level Action : Routine maintenance such as crack

seal can be applied as necessary

Deteriorated conditions with major

C(Bad) : cracks in area level (but without
Repair or potholes).
Rehabilitation | Action : Partial patching or overall

level - Review overlay across section needs to be

applied or considered.

Severely deteriorated with potholes and
alligator cracks across section

F(Fail)
Rehabilitation
level - Urgent

Action : Overall overlay or
reconstruction required in urgent. If
impossible, potholes must be repaired
first.

Note : Han and Kim (2020)[7] - reorganized
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Fig. 6. Pilot sections for pavement condition evaluation
(a) 2nd Jayu-ro : Bubgot IC ~ Sapdari IC (b) Hosu-ro :
Homeplus intersection ~ M-city intersection
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Table 3. Summary of field survey conditions

Contents For learning | For testing ISO tolerancel5]
data data
Date July 9, 2019 |Oct. 4, 2019.
Weather Sunny Cloudy Impossible'in case of
rain
Surface D D D diti !
condition ry ry ry condition only
4 10~30T,
Temp. 27e 3e (Standard 20T)
Wind speed 1m/s 2m/s Less than 5m/s
) Shore 62~73
Tire hardness| Shore 66 Shore 66 (standard 66)
Tire pressure 30PSI 30PSI 27.56~30.49PSI
Vehicle 40km/h 40km/h | Within 15% deviation
speed
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Table 4. Results of pavement condition grade evaluation

2nd Jayu-ro Hosu-ro
Cond. Bubgot IC Homeplus intersection
grade « Sapdary IC — M-sity intersection
(score) Length | Ratio | Service | Length | Ratio | Service
(m) (%) score (m) %) score
A(95) | 300 16.1 320 16.0
B(85) 940 12.6 1260 63.0
60.3 81.2
C(75) | 4700 61.5 320 16.0
F(00) | 1700 223 100 5.0
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Fig. 8. Matching between noise profile and condition
grade evaluation results
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images
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