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Part One

Current 3D System
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PaveVision3D Ultra (3D Ultra)

/
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3D Ultra Vehicular Platform
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1mm Resolution 3D Pavement Surface
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1mm Resolution 3D Pavement Surface
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3D Data Collected at 100KPH




3D Data Collected at 100KPH
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3D Data Collected at 100KPH
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Automated Processing

Multimedia Highway Information System

Pavement Image

HIS
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Automated Processing
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Automated Processing
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Inspection of Airport Runway

Taxiway K —»
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Airport Runway Data
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Runway PCI Analysis

1 ¢| Inforrnation
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Objectives: Groove Evaluation

* To develop algorithms to automatically estimate the
runway groove dimension

— Groove Depth
— Groove Width, and
— Groove Spacing

To evaluate runway groove performance based on
AC 150/5320-12C
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Profile Data Filtering

Original Profile ——Smooth Profile
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Geometry Contour Algorithm

—Filtered Profile

—
o Ul O

' '
NN = =
Ul O Ul O U

Spike
-30
1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
Distance (mm)

Profile Elevation (mm)

— Red Box — Moving Window

— Blue Circle — Deepest Point in the Moving
Window
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Backward & Forward Traversal

« Determine the starting & ending points of
grooves based on changes of gradient /slope

 Use to measure groove dimensions
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Groove Dimension Estimation

Spacing

I,- :

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

I'V"JC ational Pavement Preservation C




Groove Volume Estimation

Reference value

Actual
Value
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Algorithm Validation
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Algorithm Validation

Rectangular Crunve Dimension

Identified Groowve Number: 99
Identified Joint Number: 1
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4096 mm

(a)

Trapezoidal Cruuve Dimension

Identified Groowve Number: ?I]
Ildentified Joint Mumber: 0
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4096 mm

Grooves Identification Based On One Single Profile
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Algorithm Validation

Identified Groove Distribution
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Grooves ldentification Based On All Profiles
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Groove Evaluation

Groove Depth or Width
Distribution Range (mm)

Zin, (< 4.76 mm)

> in. (2 4.76 mm)

> ’Ein (= 6.35 mm)

. (2 7.94 mm)

Full Lane based Scenario

Ftecuenw Peuentage % Ftec Juency Pelcenta.ge 0

16837 99.30 % 102448 82,68 %
90.73 % 56304 30.51 %

160213
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Part Two

New
Developments/Challenges
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WIS Inertial Module for
Longitudinal Profiling
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WIS Inertial Module

= A self-contained, fist-size inertial sensor
designed & developed by Dr. Wang’s
team

= Integrated into PaveVision3D sensor
case

= Built-in: hardware filtering & power
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Profile Measurement Principle

h(x) = Vehicle Height Above Pavement

u(x) = Vehicle Position

z(x) - Vertical Road Profile
Profile = z(x) = u(x) = h(x)

Image Reference: Description and Evaluation of the South Dakota Road Profiler
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Validation Tests: 3 Pavement Sections

Testmg Sltelll W 6th Ave and Driving Speed 60 mph
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TeSt S|te I . W Lakeview Rd 12 Passes

Profile Synchronization: Correlation

Left Side
Max % Min%

96.4 86.0

Right Side
Max % Min%

98.3 85.0

MC‘M) National Pavement Preservation Conference 2016



Te St S |te l : W Lakeview Rd 10 Best Passes

Profile Synchronization: Correlation

Left Side

Avg% Max% Min%

95.1 96.4 92.7

Profile Synchronization: Correlation

Right Side
Avg % Max% Min%

95.48 98.3 92.0
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Te St Slte I . W Lakeview Rd 12 Passes

Profile Synchronization: Correlation

Navigate

File Maximum
ffset (ft) | Correlation
425

Left Side
Avg% Max% Min%

97.15 98.1 95.9

10 11 12 13 14 15 16

Profile Synchronizatien: Correlation

Apply Off: Navigate
File

Right Side

Avg % Max Min%

94.77 98.4 91.7

10 11 12 13 14 15 16




Te St S |te I . W Lakeview Rd 10 Best Passes

Profile Synchronization: Correlation A s Navigate

Left Side

Avg % Max %
97.28 98.1

Profile Synchronization: Correlation ! Navigate

File lati Maximum

Avg % Max
95.28 98.4




Te St S|te I . W Lakeview Rd 12 Passes

. Profile Synchronization: Correlation Apply Offsets Navigate
Left Side _

1114 Correlati
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Te St S |te I . W Lakeview Rd 10 Best Passes

Profile Synchronization: Correlation A s Navigate -

Left Side

Avg % Max % Min%

92.54 96.0 89.0




Te St Slte I . W Lakeview Rd 12 Passes




Te St Slte I I 2 Country Club Rd 11 Passes

Profile Synchronization: Correlation

Left Side

Avg % Max% Min%

93.81 97.8 75.2

Profile Synchronization: Correlation

Right Side
Avg % Max% Min%
93.78 97.6 67.0
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Te St Slte I I . Country Club Rd 10 Best Passes

Profile Synchronization: Correlation Navigate

lative
Offset (ft)

Left Side

Max % Min%
97.8 93.6

Profile Synchronization: Correlation Apply O Navigate

Avg % Max % Min
96.75 97.6 95.9




Te St Site I I : Country Club Rd 11 Passes

Profile Synchronization: Correlation

File

Profile Synchronization: Correlation Apply Offsets Navigate

Maximum

Right Side
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Te St Site I I : Country Club Rd 10 Best Passes

Profile Synchronization: Correlation

File R

Left Side

Avg % Max% Min%
95.00 96.3 91.5

Profile Synchronization: Correlation

File Maxir

Right Side
Avg % Max
96.13 96.7 95.0




Te St Site I I : Country Club Rd 11 Passes

Profile Synchronization: Correlation Apply Offsets Navigate v

Left Side

Avg% Max% Min%

97.19 98.9 93.3




Te St S ite I I : Country Club Rd 10 Best Passes

Profile Synchronization: Correlation

File R Ma>
C

Left Side

Avg % Max % Min%

97.61 98.9 96.0




Te St Site I I : Country Club Rd 11 Passes




TESt Slte I I I : W 6th Ave 12 Passes

Profile Synchronization: Correlation Apply Navigate

Avg% Max % Min

87.63 94.9 75.7

Profile Synchrenization: Correlation Apply O Navigate

faximur

Right Side
Avg % Max % Min
89.5 94.0 83.8




Te St S'te I I I . W 6th Ave 10 Best Passes

Profile Synchronization: Correlation A Navigate

File R Maximum A=) 0 elati

Left Side
Avg% Max% Min%

89.00 94.9 81.8

Profile Synchronization: Correlation

Avg % Max %
89.74 94.0




TeSt Site ”I: W 6th Ave 12 Passes

Profile Synchronization: Correlation Apply Off Navigate

File

Left Side

Avg % Max %

93.76 95.8

12 14 16

Profile Synchronization: Correlation Apply Offsets mm—

R [y

Right Side
Avg % Max% Min

86.78 93.2 43.0



Te St Site I I I : W 6th Ave 10 Best Passes

Profile Synchronization: Correlation

Left Side
Avg % Max % Min%

94.08 95.8 91.8

Profile Synchronization: Correlation

Right Side
Avg % Max % Min%
91.24 93.2 88.3




TESt Site ”I: W 6th Ave 12 Passes

Profile Synchronization: Correlation

File

Left Side

Max % Min%

97.6 93.0




Te St Site I I I : W 6th Ave 10 Best Passes

Profile Synchronization: Correlation s Navigate

Left Side

Avg% Max% Min%

95.52 97.6 93.0




TESt Site I”: W 6th Ave 12 Passes




Deep-Learning Plan

M]é National Pavement Preservation Conference 2016
| |



Objectives of Pavement Distress Recognition

d
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Challenges in Pavement Distress Recognition

d
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Common Failures in Distress Automation

a

f
{
3

Smooth Pavement Surface Highly Textured Pavement Surface
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Common Failures in Distress Recognition
Q
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Deep Learning: Potential for Automated
Distress Recognition
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History of Deep Learning
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Trends of Deep Learning

Number of connections per neuron over time

€| Human
\ —J

—
L)
-
—
4
W
—
—
=
78]
-
j P
o
—
=
-
+
l:__;
Pi]
[
—
(=
—
':-f

2000 2015

I'V"JC ational Pavement Preservation C



Compositional Model for Image Recognition

Output

(object identity)

3rd hidden layer

(object parts)

2nd hidden layer
(corners and

contours)

1st hidden layer

It'llLL('.\'/

Visible layer

(input pixels)
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Current Status of Image Recognition

Using Deep Learning
0
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Deep Learning Models for
Pavement Distress Recognition
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Deep Convolution Neural Network &
Recurrent Neural Network

Original Image

Cell/Block
\VENS Convolution Fully-
Convolution pooling Layers & Pooling Connected bt
Layer Layer Layers Layer e
N Filters Connected
with other cells
D Distress Pixel e v
Efd W= Distress?
Th(k+1) +b .
es
a8 .
- (e b e
G— <
Time 1 Input Layer

Time k

Output Layer el

Detected Distress Pixel
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Types of Filters Used in Convolution
Neural Network
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Convolution Using Matched Filter

Theta=105

Theta=120 Theta=135 Theta=165
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Convolution Using Gabor Filter
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Deep Neural Network for Pavement
Distress Recognition_

Input
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Image Library for Pavement Distress
Recognition
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Typical Samples in Image Library
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Challenging Tasks
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Funding Support
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Thank You!
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