GPU-Accelerated Al Applications for Smart Civil Infrastructure

Zheng Yi Wu, Ph.D., FEWRI, M.ASCE, Bentley Fellow, Director Applied ~ Fg Bentley

Advancing Infrastructure

Research, Bentley Systems, Incorporated, Watertown, CT, USA

© 2016 Bentley Systems, Incorporated



Infrastructure Industry Going Digital

Planning Operations

= =
et (=)

e
: g
8 —
=2 )
[} =]
= =

Husdong Engineering Corporation Limited. PowerChi Pennsyfvania State University,

= Amﬁ‘mbnmﬂ%%% Shirsten (Jenis Moiiciss Ifastuctore of Architectural o

Department of A Engineering
Shaauhen Oity, Guangdong, Ching Virtual Penn State Campus | University Park, Pannsyfianis, Unitad States

A/Ra 2017 Industry Reports

Advisory’Group  www.arcweb.com

Engineering Design Tools

Asset Reliability Software

for Plant, Infrastructure, GIS 2017 e

and Building Modeling 2017 e
(Overal) (Overall B o Jine e,
p igo frmrff c;ggnags - Hleciric Power T&D

in il & Gas
#1 in Pharmaceutical
& Biotach

#1 in Water and
Wastewater Distribution

in Transpartation
in Water & Waste Water 2013 2014 2015 2016 2017
pernmney

£ Snbors Msp Compsay Inc.
Sanborn3l) HD Maps for A?mwmus Brm'c‘ Santa Clara
Samta Clars County, Cafifornia, United States

2 ] WWWal o i o e ey e e



Bentley Software Platform Technology
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Infrastructure digital Twin
(ITwin)

Data
Intelligence
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Physical asset Digital twin
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Philadelphia City Water and Energy Usage Visualization




Applied Research for Infrastructure Digital Twin

Sensing N Data System
Inspection Analysis Modeling

Physical asset Digital twin
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Al Application Research

Decision Variable File
C:\Program Files (x86)\Bentley\DarwinOptimization\Examples\SingleObjective\DecisionVariz [ Edt | [ Browse.. |
Number of Decision Variables: 2 Number of possible solutions: 251001

Configruation . xml
Fitness DLL:  Fitness.dll Number of Objectives: 1

Output Directory

C:\Users\Zheng Wu'\AppData'\Local\DarwinOptimization

Deep Neural Network
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GPU-Accelerated Analysis

~

Write to GPU
Water Quality Analysis

Water Quality Analysis

\\ GPU /
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GPU-Accelerated Modeling
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GPU-Data-Driven Model

 Big data, big opportunity

« Data # information

« Capture data relationships
* Fast ANN model

training/calibration
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GPU-Pump Scheduling

* Optimize pump operation
« Minimize energy cost
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GPU-Accelerated Pump Scheduling

Graphics User Interface
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700 plus sensors
— Pressure

— Flow

— pH, ORP,
conductivity,
temperature and
turbidity
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Real Time Monitoring for SWG: Digital Twin for Water Systems

0-0-0-0-

Metering Data
Nv::,:ﬁ:k [ Communication Network Managé’mem J
System
 Challenges

— Interoperability for sensors, communication and data management
— Data analytics

— Job redesign for PUB staff

— Public communication

— Further research and testing for SWG technology
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Operation Analytics

* Predictive analytics
- Anomaly detection

Iteration: 0
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Case Study

« System layout with sensor locations

* One Inflow time series in 5-min interval

* Pressures in 15-min interval at 8 locations
» Service tank levels in 15-min interval
* Hydraulic model
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Data Analysis and Event Detection

Flow Data Preprocess
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Pressure Data Preprocess (Stnll)
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Anomaly Event Detection
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Simulation Results

Event on Sept. 23 2017
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Anomaly/Leakage Event Localization
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Digital Twin for Engineering Structures
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Applied Al Research for Infrastructure Digital Twin

(=3 x ]

Sensing N
Inspection i

DarwinSHM Analysis

@ Sensor Placement

Welcome

Mode Shape Difference
Effective Independence
Entropy_Modal Estimation
Energy_Modal Estimation

@ Create New Database

« DarwinSHM Pretest for
SHM Sensor placement

— Accelerometers
— Strain Gauges

() Select Existing Database

I i-,j DarwinSHM | Next | | Exit |

Zhou. K., Wu*, Z. Y. (2017). “Strain gauge Placement Optimization for Structural Performance Assessment” Engineering Structure
141 (2017) 184-197.

Zhou, Kai, Wu*, Z.Y., Yi, X. H., Zhu, D. P.,, Narayan, R. and Zhao, J. (2017). “Generic Framework of Sensor Placement
Optimization for Structural Health Modeling”, ASCE. J. Computing in Civil Engineering, Vol. 31 No. 4, 1943-5487
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Applied Al Research for Infrastructure Digital Twin

Sensing N DEIE:] System

Inspection Analysis Modeling
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Finite Element Model Calibration

Initial FE Model
and
Meagurements

» Update finite element .
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Building Finite Model Calibration

UCLA Factor Sensor data
Building
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[l muim |1
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Indian River Inlet Bridge Location
« Bridge FE model calibration (with Dr. Shenton from Uni. Delaware)
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New Indian River Inlet Bridge
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Sensor Layout Layout

Accelerometer
Strain Gauge
A\ Wind Speed & Direction
Corrosion Gauge
Tiltmeter
+D|splacement Gauge

! ‘-au.“‘

K‘
Y
:
.

* 69 strain and temperature sensors 27 accelerometers

* 9 tiltmeters 3 displacement gauges
* 16 chloride sensors 2 anemometers
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Sensor Plaement: Indian River Inlet Bridge in Delawar
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Bentley Darwin Optimization

* Tool for calibrating a model of a
structural system using measured
structural response data

« UD expertise
— Bridge engineering
— Structural Health Monitoring
— Indian River Inlet Bridge

 Test the tool by calibrating a signature =~
bridge using strain response data

Bentley
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Strain Response Used for Calibration

Load Case 1

— 110 strain response values
— Magnitudes range from 2.5 to 90 microstrain

* Load Test 2, November 2012

* 4 — truck pass

Bentley
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Load Case 1
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mmm Veasured

m |nitial

mm Calibrated

=— Calibrated % Diff
=== |nitial % Diff

Top Solutions
Metric Solution 1 Solution 2 Solution 3
Objective 4363 4.363 4363
Violation 0 0 0
Parameter 1 |15 1.5 15
Parameter 2 |1.15 1.15 1.15
Parameter 3 | 145 1.5 15
Parameter 4 |14 14 14
Parameter 5 |16 16 16
Parameter & |1.25 125 125
Parameter 7 [1.35 135 135
Parameter § | 1.1 1.1 1.1
Parameter 3 | 1.55 1.55 1.55
Parameter 10 1.1 1.1 1.1
Parameter 11105 1.05 1.05
Parameter 12165 165 165
Parameter 13|1.55 1.55 1.55
Parameter 14| 165 165 163
Parameter 15 1.55 1.5 1.55
Parameter 16| 1.8 18 18
Parameter 1712 12 12
Parameter 18]1.7 1.7 1.7

Mismatch

Calibrated Model vs. Initial Model

Fa

Initial Calibrated

. Mismatch Values
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Validation of Calibrated Model

* 6-truck pass used for validation
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Sensor Locations
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SW7&SW8-Location

Advanced Analysis of
Bridges: A Pathway to

In-Service R.F

18 .
| ® Min Peaks of In-Service R.Fi
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38 | WWW.BENTLEY.COM | © 2016 Bentley Systems, Incorporated

Mar.11,16

Structural Health
Monitoring and

Bridge Digital Twin
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Video Camera as Sensor

 Conventional Sensors
— Placed on structure

— Limitations: high cost, safety
concerns, service interruption

* Vision-based sensors
— Remote sensing (non-contact)
— Cost effective

39 | WWW.BENTLEY.COM | © 2016 Bentley Systems, Incorporated

Bentley



Vision Sensor (Video Camera) for SHM

o Feature xteaction =
G

vl Pause Swp | (127 - .
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DRBA Bridges Test

- 28 strain gauges, 8 accelerometers, 6 displacement sensors and 2
tiltmeters (UD)

» Two video cameras (Bentley)

cut 2 Nisnlaremants: 81 (T11TRAVTIN
Cut 4 Displacements: S1 (T11(T6)/T10)

-------

Displacement (in)
bisplacLementL(in)

Displacement (in)
Displacement (in)

42 | WWW.BENTLEY.COM | © 2016 Bentley Systems, Incorporated S1- dISpIacement Be nTleU




Video Analysis for Extracting Structural Responses

O Velocity @ Displacement - ; v Add 2 2 Save

Herizontal Displacement

Vertical Dispalcement

Convention factor: 0.3137 inch/pixel
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Cut 5 Displacements: S1 (T11(T6)/T10)
| |

T11(T6) shifted -0.0143 in

—— T11(T6) - shifted
——T10 -

s
[@b]

Time (sec)

—Sensor T10-adjusted

—Video - Phase-based-adjusted

Comparison: Displacement at T10
0 f——
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-0.4
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0
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Comparison: Displacement at T11

—Sensor T11- adjusted

Displacement (inch)

—Video-phase based at T11-adjusted

0 1 2 3 4 5
@ Cut No.
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Infrastructure Inspection with Machine Learning

g LD

© 2016 Bentley Systems, Incorporated Bentle UO
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Deep Learning Approach for Defect Detection

Evaluation
with 3D Model

o . Detection &

Image Model Defect } Defect

Deep Learning

* Obtain inspection « Label images with « Model inference on « Build 3D model with
images and videos defects (e.g. cracks images and/videos inferenced images
»  Work with Bentley and corrosions) * Applications of » Perform defect statistics
users « Train models e.g. various cases — Crack length, width
Faster RCNN (buildings, bridges, and area |
and/or Mask RCNN roads and tunnels) - ;ree"ae; of corrosion and
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Deep Learning Model for Crack Detection

2000

2500




Deep Learning Applications — Crack Detection

0 250 500 750 1000 1250 1500 1750 2000

Bridge with Deep Learning (Australia) Road Inspection (Macao China)
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Crack Detection and Evaluation with 3D Model:

300

250

N
o
o

150

Crack Length (cm)

100

0 I

0.06-0.58 0.58-1.16 >1.16

Crack Width (cm)
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Corrosion Detection and Segmentation

« Applied semantic CNN (DeepLab) for corrosion detection and segmentation
 Classified by Corrosion Index (Cl): Heavy: 0.75 < CI <=1; Medium: 0.6 < Cl <=0.75; Light: 0<=Cl <= 0.6

Corrosion Statistics

(e}
o

52.22

Ul
o

I
o

33.35

w
o

N
o

12.09

[ERY
o

o

Degree of Corrosion

Corrosion Area (No. Pixels in million)

B Heavy ® Medium m Light
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Soft-Story Building Detection for Seismic Retrofit

* What is a soft story

— level less than 70% as stiff as the floor

immediately above it

« Characteristics of soft story buildings
— multi-story building with Wide opening

— Multi-use buildings with commercial retail on the

ground floor

— Retail buildings with mostly glass front
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Soft-Story Risk

* About 50% damaged homes at CA
earthquake in 1989 were soft-story

* 1994 Northridge earthquake CA

— about 200 buildings seriously damaged or
destroyed

— 16 people died at Northridge Meadows soft
story apartment complex

* Need for retrofitting soft story
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Soft-story Buildings Classification

 Buildings classified by engineers
— Accurate but time consuming

— Good dataset for training deep learning models

* Apply deep learning

— Images from Google Street View

o Soft-story buildings map. Classified by engineers
— Training data from Los Angeles at Santa Monica, CA

— Testing data from Santa Monica

A typical soft-story building from google street
view using Santa Monica DS
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Proposed Approach

Extract images for
engineer-classified
SS buildings

Label images for
training DL models

Add true positive SS

Train DL models images to training
dataset

Test DL on new
Images

Evaluate results
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Dataset

 Training

City of Santa

Seismic Retrofit Map

1267 Buildings classified by engineers
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Soft-story Detection

- Data sets preparation

— Only using images of buildings with clear
opening of the first floor (900 images)

— Annotate only part of the building that may
cause collapse.

* Training

— Use 800 images for training and 100 images
for testing

— Using feature extractor network with the best
accuracy, ResNetl101 & Inception-ResNet
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SS Detection Model Performance

» Tested 2399 images
* 75% detected with confidence >75%

1200 45%
40% &
(7))
3 1000 35% ©
T 800 30% £
o 0 o
5 600 2%
c 20% o
O 401 @©
S 400 353 15% £
> oo 186 10% O
Z 80 5% @
0 I 0%

0-25% 26-50% 51-75% 76-90% 91-96% 97-99%
Confidence levels

mm # of images —Percentage%
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Integrated Work Flow for Soft Story Detection

Obtain List of

)

Download Images from
Google Street View

Address

!Address City State Zip

5802 4TH AVE NW SEATTLE WA 98107-2117
5806 4TH AVE NW SEATTLE WA 98107-2117
5808 4TH AVE NW SEATTLE WA 98107-2117
5814 4TH AVE NW SEATTLE WA 98107-2117
5820 4TH AVE NW SEATTLE WA 98107-2117
5822 4TH AVE NW SEATTLE WA 98107-2117
5824 4TH AVE NW SEATTLE WA 98107-2117
5828 4TH AVE NW SEATTLE WA 98107-2117
5834 4TH AVE NW SEATTLE WA 98107-2117
5834 1/2 4TH AVE NW SEATTLE WA 98107-2117
5838 4TH AVE NW SEATTLE WA 98107-2117
5842 4TH AVE NW SEATTLE WA 98107-2117
5844 4TH AVE NW SEATTLE WA 98107-2117
310 NW 60TH 5T SEATTLE WA 98107-2138
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Run Inception-ResNet for

Soft-Story Detection

Map

md

Annotate SS in ]
Google Map
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Test Area;: San Bruno, CA
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SS Buildings Annotated in Google Map (San Bruno, CA)
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mEmn

Test Area: Seattle, WA
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soft_stoxy: 99%

soft_story: 99%
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SS Buildings Annotated in Google Map (Seattle, WA)
TR B

Recycle Bin Cha_et_al-2.. ContextCap.. Blue Jeans
Engine

T T S |
F Share View

FSEG Study NB-CNN-D.. Ce Cap.. Bent PRiewiolder
Learning- aster Amazon
s g s Name Date modified Type

3 Quick access

G load)JSON.html 1/7/2019 12:31 PM Chrome HTML Do...
P m Desktop = - : e e
j ballard_seattle_images.js [7/2019 1231 PM  JavaScript File
&% Downloads
ya copy fil
Learning P... Terminal EC2.txt = Documents

Rony
. opency
FSEG

NVIDIA  MainForm.bxt i
dYjDEIOmL... Nsight HU... Projects
PycharmProjects

. object_detection

Reply-Offe.. P, T B
m Desktop

= Documents

. % Downloads

J Music
Learn Java 3D C 2.1 utang yogi.
Photo Viewer ) = Pictures

B Videos

- %9 Windows (C)

Oracle VM daly_city.png & Network

VirtualBox
. 2items  1item selected 2.04 KB

Video CONNECTL... presentation
Client

12:39 PM |:|
1/7/2019




Research Collaborations

« Multidiscipline: Civil/Environmental/structural, Electrical Eng., Computer science etc.

* Multi Sectors: Water, power, transportation and buildings etc.

1 Uny
aN® 7
i o8 L,

THE STATE UNIVERSITY OF NEW JERSEY ’A@A\
RUTGERS N

% University of

&P Connecticut

j ' United
) Utilities
C P lJ B %{O’hg life floW SMo0thy,

Water for All:Conserve,Value, Enjoy

Mew York State

Department of
@ /\\ Transportation
GROUP EVERS=URCE /=

ENERGY iinfo DelDOT

dtrans
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Summary

» Research for Al-based systematic approaches
» Connect data environment with Bentley software

 Construct various digital models
— Semantic models: 3D mesh/texture models, point cloud etc.
— Data-driven: machine learning, statistics etc.
— Physics-based: finite element analysis, hydraulics and water quality etc.
— Decision-support: optimization models

- Enable digital twin for smart infrastructure
» Accelerate computations
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Thank You !

Email: zheng.wu@Bentley.com
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