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Who are we?

Service Science and Innovation Group
www.se.cuhk.edu.hk/~ssi

Our Strength Funding Sources

* Computer Science * Asian Institute of Supply Chain & Logistics

* Hardware Design Engineering * General Research Fund, RGC, Hong Kong

* Operations Research * Innovation and Technology Fund, ITC, Hong Kong
* Operations Management * Service Contracts (from Government Agencies)

* Systems Engineering Total ongoing funding support ~HKS9 million

Application Research & Projects (supported by ITC or service contracts)

* Environmental Sensing for antique display and management at Hong Kong Museums

* Image object detection for managing resources at Hong Kong International Airport

e Land slide warning for slope monitoring at Civil Engineering & Development Department
* People & equipment tracking for risk management at Prince of Wales Hospital

Theoretical Research (supported by RGC)

* Network epidemiology modeling of dynamic human behaviors for controlling hospital
acquired diseases

* Effective control strategies against healthcare associated infections via optimization
approaches

* Integration of renewable energy resources with the sustainable water systems in Hong
Kong: models and algorithms




Outline

o Landslide Detection Systems in Sham Tseng
o Trolley Detection in Hong Kong International Airport




Landslide Detection at Sham Tseng

o Project Scope

* Develop a real-time landslide detection system; both
software and hardware

» Develop system specification for future contract work

o Funding

» Developing the detailed specifications of landslide detection
system for natural terrain mitigation measures, Civil
Engineering and Development Department, HKSAR
Government, HKS1,170,000.




> Source volume : 500 m?3
»Vertical Drop : 311 m

» Run-out Distance crown to toe : 920 m
» Debris on NLE : 100-200 m

Catchment 15 - Debris Flood
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The landslide was identified and

reported to GEO 18 months after it had
happened.

The scale of
landslide was
revealed 5
days after it
had
happened.




In both cases, the barriers effectively arrested most
debris, leaving limited clues for detection of landslides
downhill.

Can our barriers be “smart” enough to notify us
once they are impacted?




Pilot study at Sham Tseng

mmm Rigid Barriers

- [lexible Barriers

o Rigid debris-resisting barrier Flexible debris-resisti 9
(2 nos.)
(2 nos.)
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System Overview
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Wireless Impact
switches

Impact switch

Landslide Detection Module

on Rigid Barrier

VVVYY

Return signal:

Impact time

Debris thickness

Photos (regular, at request, when impacted)
Regular heart beat

Battery level

Level sensor (laser)
Camera

Infra-red lighting
Control unit

Solar panel + battery
A

| 4G + SMS
\/

Server on cloud

1I0S App / GInfa




* Tilt sensor
* Pull switch
 Transmission unit

Wire connecting
the pull switch

Radio Frequency (for short range)

Landslie Detection
Module on Flexible Barrier

VVVYYVY

Return signal:

Tilt angle

Wire break time

Pull switch triggering time
Regular heart beat
Battery level

Control unit on RB

Server on cloud

1I0S App / GInfa




Design Consideration

o Reliable Power Supply

* Solar Panel
* Low Energy power consumption on device

o Heavy Rain for outdoor Communication for remote sensor
* 433Mhz which is good penetration

o Ease for installation
* Wireless device is preferred
e All sensor into one modules

o0 4G /3G for internet connection




Base Station on Rigid Barrier

Communication Units:
o Mobile 4G(/3G) wireless transmission for Internet connection

o 433 MHz wireless transmission for local site connection

Base Station (Terminal)

Control Unit /Storage:
o Support SD Card Storage

Sustainable Power Units:

o Rechargeable lithium battery

» 15 days operation

o Solar panel (sustainable source)




Sensors on Rigid Barrier

o Distance Sensor
* high-performance optical distance measurement
e Accuracy: +/- 2.5cm

o Camera
* Remote Taking
e Automatic 5 hours shooting
* Alert Auto shooting

o Wireless Impact Switch
* Water Proof
* Heart beat
* About 3 battery life




Flexible Barrier

e Sensor
o Tilt Switch
Measure in Angle
o Pull Switch

e Communication
o 433Mhz

e Functions
o Battery Level
o Heart Beat

o Battery life
o About 3 years
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Built on past experience

Previous instrumentation projects LDS Pilot Project

Off-the-shelf products Customised components

Large power consumption, unstable solar Tiny power consumption
power

Unstable IT system and communication IT system and wireless communication
jointly developed by GEO and CUHK
(no longer a “black box” !!)

Damage of wiring by rodents Strong armour cable
Wireless if possible




Performance of LDS

Durability
(component
sustain in
outdoor
environment)

System
performance

Reliability

(solid wireless
data transmission;
minimal false
alarm)

Capability

(detect
debris

impact)




Outdoor durability performance

o Very stable solar power supply, even under prolonged
adverse weather

e Tiny power consumption

* Within 5 days two Tropical Cyclone Warning Signals

o All system up and running

o Battery level shown on mobile app
o All Battery full

o Very stable data logging

o Statuses of sensors monitored regularly and automatically




Outdoor durability performance

Warnings and Signals issued in August 2017
Table 1.1 Tropical Cyclone Warning Signals

Name of Signal Beginning Time Ending Time
Tropical Cyclone | Number |pay/Month | HKT |Day/Month| HKT
HATO 1 22/8 | 0840 | 22/8 1820
3 22/8 1820 23/8 0520

8 NE 23/8 0520 23/8 0810

9 23/8 | 0810 | 23/8 0910

10 23/8 0910 2318 1410

8SE 23/8 1410 23/8 1710

3 23/8 | 1710 | 23/8 1820

1 23/8 1820 23/8 2040

PAKHAR 1 26/8 0940 26/8 2040
3 26/8 | 2040 | 27/8 0510

8 SE 27/8 0510 27/8 1340

3 27/8 1340 2718 1740

1 27/8 | 1740 | 27/8 2210

® Hong Kong Observatory
Pad ¥ T01PM. +100% -
T01PM £ Lbs Rigid barrier-RB4

- 2017-08 08:13
-Ue- :08: 17-08-23 17:08:1
2017-08-23 11:39:41 2017-08-23 12:08:51

oo Wi-Fi Call & 1m:01 @ 7 % 612

( Sham Tseng San Tsuen Rigid barrier-RB2

2017-05-24 11:00:07




Reliability

o Stable data transmission
» Good 3G/4G coverage required

o False alarm
e Sources of false alarm:
o Wiring of impact switches

e Solutions:

o Wireless impact switches




Capability

o No landslide detected in the last 4 months

o Uncertainties:
* Premature damage of impact switch by impacting debris

» Radio signal blocked by debris that bury the impact switch

* Premature/late activation of pull switch
* Progressive deposition which may not induce post tilting

o Verification:
* Landslide occurring in the coming 8 months!

e Field-scale impact test of LDS

o Other measures to reduce uncertainties:
e Redundant deployment of impact switch
e Cross checking of measurements (e.g. level sensors v.s. impact switch; pul
switch v.s. tilt switch)
» Validation by digital camera




Testing Site (in Shek Mun, Shatin) for Pull
Switch at Flexible Barrier



Shek-Mun Testing-part1.mp4

A flume under construction at
Kadoorie Farm and Botanic Garden
(Lam Tsuen, Tai Po)




View from Top
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Video Analytics for Resource Tracking & Management

Turning Videos into Tracking Data
& Actionable Intelligence

"
Camera/CCTV
| Infrastructure

Scalable Hybrid | , i /_/\ \L Resource

; ; Analytics
Networking Enabling ]
Technologies Real:time
Notifications

Management
Dashboard

Real-time Detection &

Machine Learning Frontline Operation

& Responses

« Performance
578 |
57

524

£
—_—
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Funding

o Video analytics for resource management, Innovation &
Technology Commission — Innovation and Technology
Support Programme, HKS5,256,999

e A company sponsorship of HKS450,000

e An inkind sponsorship of HKS1,100,000 (for high-end blade
| server)

Frontline Operation
& Responses

mmmmm




Video Stream & Image Data I

Replemshmg trolleys in tlmely manner? - .




Video Sensing Analytics Architecture Framework

Video Sensing Analytics Architecture Framework

Video & Sensor

Video Stream Image Sensing Data Communication Data
Input Sources
Feature Extraction Object Feature Machine
Content e )
Analysis Component Identification for Learning
Object Detection Detection Similarity Matching || Module
[0
Management Module Analytics Module
Object Event Resource Allocation Utilization
o Tracking || Monitoring & Deployment Analysis
Monitoring &
Management Event Detection for Data-driven Resource
Platform Alert Notification Forecasting Planning
Comprehensive External Factor Operation
Resource Monitoring Correlation Analysis Efficiency
1
Application & Real-time Resource Alert Monitoring Resource

Presentation

Availability Awareness

Handling

Visualization

Visualization




Trolley Object Detection

Green boxes indicating trolleys being
detected using image analysis
techniques and machine learning
mechanism




Trolley Detection

o Image
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Input

Transform Filter

- o x l o Image

5.2A 2015/10/09 10:52 (59)




(2014.10 — 2016.10 POC Prototype with Shared CCTVs

HKIA Baggage Reclaim Hall (BRH)

2015.03 Deployment with Android Trolleys App
Up to 7 Rckwith 5 Shared CCTVs .

<« M

Baggage Reclaim
Hall

2015.03.31

T

Baggage Reclaim Hall

2015.10 Available
with iOS Trolleys App

<

|

2015.10.01

Mkl

AAAAA
Baggage Reclaim Hall
20 8

2015.08.11

H

2015.07 Counting Accuracy (N=172)
Background subtraction: 75.58%
* Detection, Version 1: 76.51%

04 O
< M

2015.11.18

Bkl

B o > 7
2015.11

Deployment:
9 Racks,

4 Dedicated
+ 3 Shared

| Cameras

, 2015.05 - 2016.09 Prototype with Dedicated IP Cameras

2016.06 Counting Accuracy (N=571)
* Detection, Version 2: 83.23%

2015.12 — Current Full-scale BRH Deployment

Research & Development Process
From 2 Prototype Trial Runs
To Full-scale BRH Deployment

2016.11 Counting Accuracy (N=200)
* Detection, Version 3.0: 87.52%
2016.12 Counting Accuracy (N=200)
* Detection, Version 3.1: 91.85%

2016.09 Camera & IT Infrastructure
Installation (6 weeks)

2016.11 Full-scale BRH Deployment
with updated iOS & Android
Trolleys App
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Viewing 5.2A
Cam 2 — Carousel 2 Far Cam —192.168.0.22
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Alerts
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Dashboard

* Availability
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*Derived KPIs
*Via Web APIs
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Hong Konginternational Airpeort B AR
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Trolley dash at Hong Kong airport as new monitoring
system ensures passengers never left holding their bags ¥ recommend foryou

Engineers at Chinese University have developed a real-time artificial intelligence- BUSINESS
based monitoring system that sends an alert to managers when the number of trolleys IniSwitZerland, local management

drops below 50 often holds.the key to post-
takeover,..
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