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“In God we trust;
all others bring data.”

— W Edwards Oeming




Our mission:
innovating fundamental Smart City infrastructural technologies to connect

citizens and decision-making.
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White:

Represents the spiral
rain bands of typhoons

Blue:
Represents the colour of the sky

Embrace ‘ Saetital age

SmallGrids:

Represents the pixels on radar Cross:

images, it also implies the Represents the Observatory's
Observatory embraces technology target to make accurate forecasts

in the digital age.
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Sensor Design




THE DATA SCIENCE
HIERARCHY OF NEEDS

Al,
DEEP
LEARNING

A/B TESTING,

LEARN/OPTIMIZE EXPERIMENTATION,
SIMPLE ML ALGORITHMS

ANALYTICS, METRICS, More Time!

AGGREGATE/LABEL SEGMENTS, AGGREGATES, More Work!
FEATURES, TRAINING DATA

EXPLORE/TRANSFORM CLEANING, ANOMALY DETECTION, PREP
MOVE/STORE
COLLECT

Data needs as illustrated by Monica Rogati



Monitoring Matrix
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Seismograph

Permanent

Portable

Static

Data logger
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m Sensor Technology Matrix

Dynamic Static

Permanent

Marble RTK-GNSS
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Geo-loT: Internet of Things
in Geotechnical Engineering
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How to achieve
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Resiliency is by Design

» Redundant Power Supply

« Constant Self Monitoring and Recovery
» Reverse Current Blocking

* Surge Protection

« QOver Current Protection

« Over/Under Voltage Protection

» Reverse Polarity Protection

» Thermal Shutdown

« Constant Voltage Ramp Rate

Supervision Tree
Bulkhead Pattern
Widely use in Ericsson (nine "9"s)



4% Landslip Prevention and Mitigation Programme, 2008,

_ Package N, Landslip Prevention and Mitigation Works in
. Sham Wat, Tai O East, Upper Keung Shan and Keung Shan

Road East in West Lantau
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GPS L1 C/A, (USA):
GLONASS L10F (R
BeiDou B1, (Chin

Galileo E1B/C, (EU)
QZSS L1 (Japan)
SBAS L1 C/A WAAS GN




Real time monitoring
on a landslide-prone
area




Monitoring site

Taiwan LuShan




M 6.4 earthquakes, Feb. 6 2018




Point 003 at Lushan, Taiwan
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HVSR during the 2015 March 23 Earthquake
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Landslide event, June, 2017
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Rainfall Data
6 (June)/03 6/04

Rain
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Earthquake event in Hong Kong  DESRlab-
31st July, 2016 (Magnitude 4.9)




Keung Shan

: - Road
.CEDD ContractNo GE/2013/16 v )t =

; Landsllp Prevention and Mitigation Programme 2008,
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Earthqguake event in Hong Kong
31st July, 2016

CEDD Contract No. GE/2013/16

Landslip Prevention and Mitigation Programme, 2008, Package N,
Landslip Prevention and Mitigation Works in Sham Wat, Tai O East,
Upper Keung Shan and Keung Shan Road East in West Lantau

No. of Installed Sensors =7
Works Area: Keung Shan Road

Sensor module is enclosed inside a
waterproof aluminium box, which is
mounted on a L-hinge steel
then affixed on the
concrete footing beneath.




EW-axis Acceleration (g)

NS-axis Acceleration (g)

Earthquake event in Hong Kong

31st July, 2016
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In vertical Z-axis, a peak acceleration

of only 0.0006g was recorded



m Sensor Technology Matrix

Dynamic Static

DISSRSICEER  Eyisting devices
Crowdsensing

Permanent

Portable
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Sea front of the HKSUT
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Agnostic integrator
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Patent-pending Military Grade
Trusted Data Loggers

* On-device battery, DGPS location

e uarantied Delivery to Server

* GPS Time Sync

e Data Compression
* Redundant CPU, Storage, Power, Sensor, Networking
* Self-monitoring and recovery

* Trusted Platform Modules-based security
architecture

* Secure Boot
* Trusted Computing Group (TCG) standards

e Common Criteria (EAL4+) and FIPS security certification

e Transport Layer Security (TLS) for all data transfer
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Artificial
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Big Data




2018-01-05

17:32:18 8 Bil /pay 5.82 Mil /Second

5.8 Million points/Second Equivalent to 17 times the number of tweets on Twitter

EVERY DAY

We Collect & Billion Data Points, Equivalent to 5 Days of IBM Weather Data

That Sums Up to 46 GB of Data, Equivalent to 0.9 Copies of Wikipedia
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Google Corkboard Server Rack,
1999 Google Inc., United States

Google’s innovative use of cheap components was born out of necessity:

Founders Larry Page and Sergey Brin didn't have much capital for

equipment. Equally significant, the technical design for Google search tud
was based on tolerating multiple failures and optimizing around them. 51
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23:36:50 23:36:51
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* Received: {"result":"abnormal@H&" "time™:"2017-05-
3:35:22"}

Vibration data
measured at the
slopes (Lushan,
Taiwan)

s Hecelved: { resuit : es
» Received: {"result":"car","time™:

» Received: {"result":"abnormal wave","time
3:36:24"}

» Received: {"result":"car","time":"2017-05-15 23:36:29"}

» Received: {"result":"car","time":"2017-05-15 23:36:33"}

» Received: {"result":"car","time":"2017-05-15 23:36:35"}

» Received: {"result":"car","time":"2017-05-15 23:36:41"}

» Received: {"result":"car","time":"2017-05-15 23:36:43"}

» Received: {"result":"abnormal wave","time":"2017-05-15 2
3:36:50"}
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Data Source Sensors

Scalable Message Broker

Distributed & Scalable
Storage

Deep Learning Anomaly
Detection Engine
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*Filtering
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s Received: {"result":
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» Received: {"result":"abnormal wave","time
3:36:24"}
» Received: {"result":"car","time":"2017-05-15 23:36:29"}
» Received: {"result":"car","time":"2017-05-15 23:36:33"}
» Received: {"result":"car","time":"2017-05-15 23:36:35"}
» Received: {"result":"car","time":"2017-05-15 23:36:41"}
» Received: {"result":"car","time":"2017-05-15 23:36:43"}
» Received: {"result":"abnormal wave","time":"2017-05-15 2
3:36:50"}
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Real time HVSR, Directivity, etc.
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« Data Source™
Southern California Earthquake Data Center

 Classes: P wave, S wave, noise

« Amount: 4,773,750 records

* Southern California Earthquake Data Center. Scsn. California Institute of Technology, Dataset, 2013.







CONV 3x3, 16
CONV 3x3, 32
MaxPool 2x2

CONYV 3x3, 64
CONYV 3x3, 64
A Simple MaxPool 2x2
CNN Model CONV 3x3,

coNtx3,

128
MaxPool 2x3

FC, 64
FC, 32
FC, 3

773,750
Valid

Validation Accuracy:



Deep Learning for
Landslide inventory mapping




Landslide Inventory Map (the database)

(1) Collection of
available photos

(3) ENTLI data were recorded
using GIS-workstations, with
ortho-photos and topo maps
For placement of location

(2) 30 interpreters
review >105,000 photos
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(4) Preparation of attribute
tables and map sheet reports

Ir Prof Ken Ho, Deputy Head of GEO, CEDD
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Unsupervised learning for detections B ;
and classifications of crack and | g F
concrete deterioration __ |




Applications to
* Image semantic segt

» Monitoring of cloudtc
severe weather condition




Semantic
Integration

Artificial
Intelligence

Semantic Integration




Operational knowledge (e.g.,
changing sensors;updating
calibration, and even )
will not be reported because
they cannot be described in the
current loT database
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Accurate and Effective
“Decision Making

Z}f Sunrise at the HKUST



Human Al Partnership

Human Guts for Decision-making

Real-time Data Discovery
+

Predictive Modelling by Al
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