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Our mission: 
innovating fundamental Smart City infrastructural technologies to connect 
citizens and decision-making.
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Embrace technology in the digital age
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More Time!
More Work!

Data needs as illustrated by Monica Rogati
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Geo-IoT: Internet of Things
in Geotechnical Engineering



GPS Antenna Solar Panel 
with  Battery

Control Module

Sensor Module

Lu Shan, Taiwan 



Sensor module
MEMS sensors

Control module
• Raspberry Pi
• System monitoring layer
• Power supply regulator
• GPS receiver
• Telemetry options
• Data logger
• etc.
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Vibration 
& DGPS

GeoIoT
Generation 8
DeepVibes

GPS
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Inaccessible mountains

Sichuan, China
Fault-tolerance

Real poor 
student

Real snow



How to achieve Fault-tolerance?
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Full Protection Power Supply
• Redundant Power Supply
• Constant Self Monitoring and Recovery
• Reverse Current Blocking
• Surge Protection
• Over Current Protection
• Over/Under Voltage Protection
• Reverse Polarity Protection
• Thermal Shutdown
• Constant Voltage Ramp Rate

Redundant Sensors
(COTS sensors) 

Redundant Storage

Self-healing Software
• Supervision Tree
• Bulkhead Pattern
• Widely use in Ericsson (nine "9"s)

Resiliency is by Design



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

Tai O, HK
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Sichuan, China
Fault-tolerance

Over the air

Flexible
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Flexible Installation

Site-specific Alteration



Always On
High Frequency & Continuous
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Up to 670Hz, 7 x 24
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Motion Sensing
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Event-1: DeepVibesvs EpiSensor
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DGPS
(compatible with different 
satellite systems)
GPS L1 C/A, (USA)
GLONASS L10F (Russia)
BeiDou B1, (China)
Galileo E1B/C, (EU)
QZSS L1, (Japan)
SBAS L1 C/A: WAAS, EGNOS,  MSAS, GAGAN

(Multiple frequencies)



Real time monitoring 
on a landslide-prone 
area



Monitoring site

Lushan, 
Central Part of Taiwan



M 6.4 earthquakes, Feb. 6 2018

More than one 
thousand 
earthquakes per 
year

98 times of 
aftershocks



Point 003 at Lushan, Taiwan
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Example – Earthquake motion

Earthquake
signals



Silicon Designs (SDI003) Bosch (BMA003)

HK$ 15281 HK$ 10.47



BMA003CH1BMA003CH0

Directivity: 159.43 Directivity: 159.43

HVSR during the 2015 March 23 Earthquake

Del Gaudio and 
Wasoski (2007, 2011)





Landslide event, June, 2017



Rainfall Data
6 (June)/03 6/04



DGPS 6/03

6/04

May

Total station



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

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 = 10
Works Area: Keung Shan Road & Tai O

Keung Shan 
Road

Tai O 
Road



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

Earthquake event in Hong Kong 
31st July, 2016



Earthquake event in Hong Kong 
31st July, 2016 
• Acceleration recorded was about 17:19:39. The earthquake originated 26km south of Babu China, at 17:18:13.
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In vertical Z-axis, a peak acceleration 
of only 0.0006g was recorded

EW

NS
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10.7 KM

Base Station at HKUST

sensor



Typhoon Mangkhut

Sea front of the HKSUT



Typhoon Mangkhut
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Patent-pending Military Grade
Trusted Data Loggers

• On-device battery, DGPS location
• uarantied Delivery to Server

• GPS Time Sync
• 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

• Common Criteria (EAL4+) and FIPS security certification

• Transport Layer Security (TLS) for all data transfer
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2018-01-05

17:32:18
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32341 DVDs
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Wan Chai

Mong Kok
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Deep Learning
62



To process…

Image dataTime series data 
(frequency domain) 

AI
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Vibration data 
measured at the 
slopes (Lushan, 
Taiwan)



Domain Experts

Deep Learning Anomaly 
Detection Engine

Distributed & Scalable 
Storage

Classification 
Engine

Data Ingestion

Abnormal Data 
Filtering

Data Classification
/Data Labeling

Auto Updating

Prediction

Verify Prediction

Save Modified Results

NoSQL Database

Detected Anomaly

Sensor Signal
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Real time HVSR, Directivity, etc.



CNN for time-series data 
classifications

P Wave

S Wave

Noise

• 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.



[13 x 18 x 3]

X Axis

Y Axis

Z Axis

Time frequency 
representation 
(STFT) 



CONV 3x3, 16

CONV 3x3, 32

MaxPool 2x2

CONV 3x3, 64

CONV 3x3, 64

MaxPool 2x2

CONV 3x3, 
128CONV 3x3, 
128

MaxPool 2x3

FC, 64

FC, 32

FC, 3

[P0 x P1 x P2]

4,000,000
Training

773,750
Valid

Validation Accuracy: 98.6%

A Simple 
CNN Model



Deep Learning for
Landslide inventory mapping



(1) Collection of 
available photos

(2) 30 interpreters 
review >105,000 photos

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

(4) Preparation of attribute 
tables and map sheet reports

Landslide Inventory Map (the database)

Ir Prof Ken Ho, Deputy Head of GEO, CEDD



AI 
(deep learning)





Input all the AI-
processed information 
into the GIS



Unsupervised learning for detections 
and classifications of crack and 
concrete deterioration



Applications to Weather Monitoring
• Image semantic segmentation
• Monitoring of cloud tops from geostationary satellite data (Detect 

severe weather conditions)

Himawari 8
Every 10 Minutes

FY-4A Satellite
Every 15 Minutes
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Semantic 
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Operational knowledge (e.g., 
changing sensors, updating 
calibration, and even errors)  
will not be reported because 

they cannot be described in the 
current IoT database





Sunrise at the HKUST

Accurate and Effective 
Decision Making



Human AI Partnership

2018/10/22 82

Real-time Data Discovery 
+ 

Predictive Modelling by AI

Human Guts for Decision-making



Thank You
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