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Research Title: Intelligent Mobile Disaster Monitoring and Early Waming Unit with Information System for
Administrative Management
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Asst. Prof.Nattakan Puttarak

ABSTRACT

Objectives

Motivated by the mega flood of 2011 and the annual recurrences of landslides in northern and
southern provinces of Thailand during rainy seasons, this project aims to apply ICT in disaster management,
including disaster preparedness and recovery efforts. This is to be achieved by developing a prototype for
intelligent mobile disaster monitoring, in particular flood and landslide monitoring, detection, and early
warnings. The system is useful for Thailand’s National Disaster Warning Center-and Thailand’s Royal
Irrigation Department.
The specific aims of this project are as follows.
a) Develop a prototype mobile disaster monitoring station and communications system with integrated
sensors for flood and landslides monitoring
b) Design and implement an intelligent early-warning algorithm which analyzes the sensing data and
broadcasts warning of potential disasters to local communities, as well as alerts authorities
¢) Build a central information server for administrative management.
d) Install and test the prototype in actual disaster-prone areas in Thailand. For example, central-region
provinces for flooding.
¢) Encourage research collaborations between universities and private organization to develop the research

for disaster early-warning system.
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Accomplishments

As the results of the collaboration between partner institutions, the project completes an early-warning
system integration for disaster management in the form of a unified platform. The platform is flexible. It is
customizable based on local needs and budget because all modules are plug-in. In addition, the mobile unit itself
is portable and is easy to install. It can also be a stand-alone unit because it can send out early disaster warning
even without any communications with the central data management system. With the integration of the central
data server, however, the system provides a complete nation-wide disaster warning and response system that can
be monitored wirelessly and can exchange information among corresponding governmental units promptly and
seamlessly.

A system prototype for mobile disaster monitoring station with integrated sensors for floods and
landslides monitoring and detection has been developed. The mobile monitoring unit includes the control unit,
power supply unit, sensing components and two-mode communication modules. The communications modules
send all collected data to the central data management system and corresponding response units in case of the
detected disasters. The communications is via cellular network in normal operation mode and via satellite link
when all other communications channels are down from disaster.

For flood monitoring, the sensors measure water-level, water flow rate and direction, and weather
parameters. The mobile station has been installed and tested at the Royal Irrigation department in Chainat
province, Thailand. The measured sensor data have been successfully transferred to the central data management
system. Besides collecting and storing the data, the central management system houses the risk analysis algorithm
and sends warning alarm to corresponding official response units in case of a predicted disaster. It also serves as
the web server that hosts information accessible to the public.

The project develops a new algorithm for analyzing potential floods from measured sensor data using
the adaptive neuro fuzzy inference system. The disaster inference rules are designed using local information
about the disasters. The algorithm is fully automated; the preliminary early warning alarm is sent from the mobile
unit promptly while waiting for the official confirmation at the central data management system about proper
protocol that the public should follow. This two-step warning (preliminary-official) allows the public to be
informed and prepared for the potential disaster in a timely manner. The algorithm has been tested that it is able
to predict events of floods 24 hours in advance.

For landslides warning and monitoring, the sensors keep track of soil moisture and rainfall rate. The
rainfall data can be analyzed concurrently with the landslide hazard map to detect possible landslide occurrence
and issue warning. The hazard map may be generated using the weighting factor method, the critical antecedent

precipitation index, or other criteria. In addition, a small-scale landslide detection demonstration kit has been
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built to demonstrate two alternative methods for warning. The system uses soil moisture level to predict a possible

landslide. Alternatively, a reed switch is used to detect a landslide when it occurs.

Keywords : Disaster warning, flood and landslide monitoring, data and administrative management
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Chapter 1

System Design Overview

The overview of our system design is given in Fig. 1.1. Different mobile monitoring stations containing
various types of sensors suitable for disaster monitoring of choice are placed at disaster-prone locations across the
country. During normal situation, the mobile stations communicate via mobile networks, sending sensor data and
other relevant information to the central data management system. During or after disaster, stations within the vicinity
of the affected areas where mobile network is down send the data alternatively using satellite link. The central data
management system contains the information server, monitoring data during normal operations and during disaster.
It also houses the risk analysis algorithm using fuzzy expert system and sends warning alarm to corresponding official

response units. Lastly, it serves as the web server that hosts information accessible to the public.
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Figure 1.1: Overview of our concept for disaster monitoring system.
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Figure 1.2 depicts the communications during normal situation. The sensor data and the location of the
mobile station is routed to the mobile information server through the country’s existing mobile network. In the cases
that the mobile station is installed in the area where mobile network is not available, e.g. inside the jungle, in the
valley, or in the disaster area where the terrestrial communication is disconnected, all measured data will be sent to

the server using the satellite communication link, as shown in Fig. 1.3.
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Chapter 2

Mobile Monitoring Station

The mobile disaster monitoring station consists of two main parts—the control unit and the power supply
unit. Sensor data received at the control unit are subsequently sent out to the central data management system to be
analyzed for possible disasters either via a mobile network (normal situation) or a satellite link (during disasters).

Components of the mobile monitoring station are displayed in Fig. 2.1.

Power Supply Controlling Unit
Vantage Pro2
— 12Vdc Weather
— 50Watt-Hotr Station
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Internet
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! r (Secondary Unit)

Figure 2.1: Block diagram of the mobile disaster monitoring station.

The mobile monitoring station can be powered two ways—using regular power outlets or using solar cells.
For the units located in the city area, for example, units installed for additional measurements away from fixed-point

monitoring stations, the units can use regular power outlets. Solar cells power will be used for mobile units that are



installed in the rural areas or difficult terrains without electricity, or used in the case that the electrical system is down
due to disasters. For both power systems, inverter for charging reserve battery will also be provided. For usage, the

user can choose the power supply manually.

2.1 Designing the power supply unit

We rely on solar power as the main source of power so that the mobile station can be installed in remote
areas where access to electricity may be limited, such as in the forests or mountains. The solar power is converted to
electricity by the solar photovoltaic system. Two solar panels are connected in parallel to the charging circuit. Each
can produce 50 Watt-hours of power, so the system can produce 100 Watt-hours. In Thailand, the peak hours of
sunlight are between 11am to 3pm (4 hours per day), so the base station should have the maximum amount of 400
Watt for daily use. Factor in the efficiency at around 80%, the actual amount of power generated is 320 Watt per
day, or 13.33 Watt per hour. Consider the equation P = IV, If the voltage of 12 V is used, the maximum load that the
power supply can support is I = P/V = (13.33)/(12) = 1.11 A per hour. For two consecutive days of operation the
current usage is 1.11 A/hr * 48 hrs = 53.28 A. Hence, the battery should have the capacity more than 53.28 AH. In
practice, the load should be approximately 80% of the battery capacity, so we select a battery with the capacity of 65
AH for the supply unit. There is also-a DC-AC converter (12 Vdc — 220 Vac) in the power supply system that can
produce the power between 0-150 Watts according to the actual load. However, the real maximum is 100 Watt
because the solar panel can only produce that much power.

The hardware of mobile station built from the design in Fig. 2.1 is depicted in Fig. 2.2. The station has a
weather station installed above two solar panels. The remaining hardware are housed inside a waterproof case in the

middle. The picture of the power supply unit (not including the solar panel) in Fig. 2.3.



Figure 2.2: Hardware of mobile monitoring station.




Table 2.1 compares the current usages between the design and the actual amount during system operation.

Table 2.1: Comparison of designed and actual current usages.

Designed Actual usage
Voltage (Volt : V) 12 12
Current(A/Hr) 1.11 0.81
charged -Battery hours from fully 58 80
(Hr) to depletion

2.2 The sensors

Different types of sensor can be integrated into the mobile monitoring station as plug-in modules.
Specifically, to use the monitoring station for floods monitoring we use the following sensors:

2.2.1 Water level sensor

To detect water level, we built a water level measurement unit using ultrasonic sensors as shown in Fig. 2.4
located on shore close to the river bank. The first ultrasonic sensor measures the distance between ground of river
bank and transducer, while the second one measures the distance between a water surface and transducer. Since two
transducers are deployed in the same height above the ground, the different of these distance values is the water level

with respect to the river bank level.

Figure 2.4: The ultrasonic sensors for water level measurement. Left: outside. Right: inside.



For data communications, data measured from the two transducers are sent tothe mobile station via Zigbee
module. All data received at the mobile station are calculated by the microprocessor to get the water level. Then, the

water level is transmitted to the central data management system via a GPRS module.

2.2.2 Water flow sensor
We use a current flow meter with a 60-mm diameter propeller shown in Fig. 2.5 in this project. The water

flow rate is calculated from the number of its rotor blades rotations using Eq. (1).

(a) (b)

Figure 2.5: (a) LS1206B propeller. (b) HT-B type portable current flow meter.

The sensor measures the signal from the rotor blades rotations and then sends the pulses to the
microprocessor in order to compute the flow rate as

V=M+C/a m/s, (1)
T

where V is the average velocity, 7T is lasting time, N is the number of signal in 7 times and k/b and c¢/a are
constants. This equation is based on the theory of area of open channel’s velocity; the flow can be obtained from

O =VS, where S is the sectional area.



2.2.3 Weather station
The project uses the Vantage Pro2™ Weather stations (Davis Instruments), as shown in Fig. 2.6. The
weather station is capable of measuring six weather parameters—atmospheric pressure, temperature, wind speed,

wind direction, humidity, and rainfall rate. The data are sent wirelessly to a weather station console.

Figure 2.6: Vantage Pro 2 Weather Station. Lefi-the ISS system; Right-the console.

A tipping bucket rain gauge (Fig. 2.7) is located inside the weather station as part of the integrated sensor

system (ISS). When tipped, a magnetic touches the contact of a reed switch, sending an electrical pulse.

Figure 2.7: Tipping bucket rain gauge inside the Vantage Pro 2.
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A USB data logger specifically made for the Vantage Pro 2 weather station (by Davis Instruments) is needed
to transfer the data out of the console. An included software WeatherLink can be used to download the data to a
computer. An example of the data file received from the weather station console is depicted in Fig. 11. Alternatively,
in this project we reconfigure the data logger for serial communications and connect the weather station console to

the microcontroller directly. The microcontroller is programmed to send download commands directly to the console.
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Figure 2.8: Example of data file downloaded from the weather station console.

The weather station is installed on top of the mobile monitoring station, as shown in Fig. 2.2. Other sensors

are installed remotely. The data from the remoted sensors are routed back to the mobile station. The remote sensor
units do not use the power from the main power supply unit, but have their own solar panels and batteries.
Because the mobile station and the secondary sensor systems are at some distance apart, a wired connection is not
suitable. Therefore, we design the system to send data wirelessly using Zigbee technology through RS-232 port. The
Zigbee module used in this project has a transmission distance between 100-300 m, depending on the terrains.

For landslide monitoring we use the Vantage Pro 2 weather station mentioned earlier, along with soil

moisture sensor and a reed switch.

2.2.4 Soil moisture sensor

The moisture sensor used in this project is a Grove-Moisture sensor as shown in Fig. 2.9.
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Figure 2.9: The Grove-moisture sensor.

2.2.5 Reed switch

Reed Biade Overfap Reed Biade

Figure 2.10: Reed switch.

A reed switch (Fig. 2.10) is operated by a presence of magnetic field. The contact plates are normally open;
the contact gap is closed when the magnetic field is applied near the glass capsule. For our landslide warning system,

a reed switch is used to detect an occurrence of a landslide (details in later chapter).

2.3 Designing the control unit

The control unit on the mobile monitoring station consists of the following components:
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1. Two 8-bit microprocessors: A primary microprocessor is ATmega2560, a secondary microprocessor is
ATmega328-20PU.

a. The primary microprocessor controls the data reception from all sensors and data transmission
processes. In normal operation data is sent to the server via a 3G cellular network. In case of cellular service
disruption during disasters or in the location where cellular network is not available, the data is transmitted
through a high-speed internet via IPSTAR satellite (details in the next chapter).

b. The secondary microprocessor monitors the primary microprocessor. If the primary
microprocessor stops working from any reasons, it will be reset within 24 hours.

2. Real Time Clock (DS1307), EEPROM (241L.C512), LCD (20x4), Keypad (4x4), USB (MAX3412E),
Ethernet (Wiznet W5100) and RS-232 ports: These are connected to the primary microprocessor.

3. A Raspberry Pi (Broadcom BCM2835) board

4. A Weather Station (Davis Vantage Pro 2) console: The weather station console and its integrated sensor
system (ISS) can be installed at separate locations at most 500 meters apart. The ISS, which has its own solar panel
with backup battery, sends sensor data to the console.

5. An android phone (HTC chacha)

2.4 System workflows of the control unit

The flowcharts of the control unit are depicted in Fig. 2.11-2.15. Figure 2.11 depicts the data transmission
process from the weather station console. Six weather parameters: pressure, temperature, wind speed, wind direction,
humidity, and rainfall rate, are sent as a string frame to the primary microprocessor via the Raspberry Pi board. The
program is written in Python language. Figure 2.12 depicts functions of the primary microprocessor, programmed
using C++. The sub-programs Prgl and Prg2 are displayed in details in Fig. 2.13 and 2.14, respectively. Figure 2.15
depicts the process of the android phone (written in Java to receive data from the microprocessor and send it out to

the central data server. The hardware of the control unit is illustrated in Fig. 2.16.
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Figure 2.15: Flowchart of the data transmission process in the Android phone.
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al b) c)

Figure 2.16: The control unit and sensors installed at the mobile station. a) External of the control unit. b) Internal

of the top control unit. ¢) Internal of the bottom control unit.

The mobile monitoring station for flood warning has been tested on site at the Hydrology Irrigation Center
for Central Region in Chinat province during a visit from the Japanese experts. The data (water level, water flow

rate, and weather parameters) are successfully transferred to the central data management system.
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Chapter 3

Satellite Communications Unit

In case of natural disasters such as floods, landslides, or earthquakes, infrastructures of terrestrial and cellular
telephone networks are often damaged. Relief efforts to restore the original networks could take weeks, $0
communications between stranded disaster victims and other areas are cutoff. To quickly restore communications
during or immediately after such disasters, Raspberry Pi, a credit-card sized computer, is used as a server to control
and manage sensor data from the weather station. The data is sent to the database on the central server via an Internet
network of IPSTAR satellite. This real-time sensor data can be monitored and utilized by people in the disaster areas,
as well as other people outside the affected areas. An IP phone is used to send and receive calls between disaster area

and safe areas. This satellite communications system is depicted in Fig. 3.1,
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Figure 3.1: Communications system via IPSTAR satellite during disaster.



3.1 Raspberry Pi

Raspberry Pi is a credit-card sized computer first developed as a low-cost computer for kids to learn
programming. However, because it is small, has low power consumption, and is programmable just like a regular
PC, it is suitable to be used in a small job that does not require heavy computing. Our system has adapted Raspberry

Pi to be an embedded system used as a controller. It receives sensor data from the weather station and connects to

the satellite via an indoor unit, which is a modem connected to an IP phone.

In this project we opt for Raspberry Pi board (model B), whose specifications are given in Table 3.1.

Table 3.1: Raspberry Pi board (Model B) specifications.

Broadcom BCM2835

System on a chip (SoC)
(CPU, GPU)
700MHz ARM1176JZF-S core

CPU
(ARM11 family, ARMV6 instruction set)
Broadcom VideoCore IV @ 250 MHz
OpenGL ES 2.0 (24 GFLOPS)

GPU

MPEG-2 and VC-1, 1080p30 H.264/MPEG-4 AVC high-profile decoder and

encoder

Memory (SDRAM)

512 MB (Shared with GPU)

USB 2.0 Ports

2 (via the built-in integrated USB hub)

Video Input

A CSI input connector allows for the connection of RPi designed camera

module

Video Outputs

Composite RCA (PAL and NTSC), HDMI (rev 1.3 & 1.4), raw LCD Panels via
DSI 14 HDMI resolutions from 640x350 to 1920x1080 plus various PAL and

NTSC standards.

Audio Outputs

3.5 mm jack, HDMLI, and as of revision 2 boards, 12S audio (also potentially for

audio input)

Onboard storage

SD/ MMC/ SDIO card slot (3.3V card power support only)

Onboard network

10/100 Ethernet (8P8C)




Low-level GPIO, UART, 12C Bus, SPI Bus with two chip selects, 12S audio +3.3V, +5V,
peripheralsLow-level Ground

peripherals

Power ratings 700 mA (3.5 W)

Power source

5 Volt via Micro USB or GPIO header

. Size

85.0 mm x 56.0 mm x 17 mm

Weight

40¢g

Figure 3.2: Raspberry Pi board (Model B).
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Fig. 3.2 depicts the Raspberry Pi board (Model) B. It consists of the

following parts.

@ GPIO port. The Pin layout on model A and B (Revision 1) are the same,
but it is different in model B (Revision 2) which is given in Fig. 3.3.

@ Composite RCA video output port.

@ 3.5mm audio jack

@ Status LED (Shown in the red square on Fig. 3.4) SP10 MISO 21/22 GPIO 25

P10 SCLK 23 24 SP10 CEO N
26 SPIOCE1IN

GPI0 21 13
GPIO 22’
. DN

i
i
-
L
)

o Q’:

ACT: SD Card Access status (green). It flashes during SD card activity.

PWR: Power status. It is steady ON when R-Pi receives 3.3V Power
(red) Figure 3.3: Pin layout of the GPIO port

on Raspberry Pi Model B (Revision 2).

FDX: Full Duplex status (green). It is ON when Ethernet connection is

full duplex.
LNK: LAN Link/Activity status (green). It is ON when Ethernet is

connected.

100: 10/100Mbps LAN status (yellow). It is ON when connection is 100

MBps and OFF when connection is 10 Mbps.

@ LAN Controller.

@ USB 2.0 ports (2 ports). Figure 3.4: Status LED on Raspberry
@ RJ-45 Ethernet LAN port (10/100Mbps) Pi board.

CSI (Camera Serial Interface) for connection to camera module.
@ HDMI video and audio port.

@Broadcom BCM2835 ARM11 700MHz Chip

@Micro USB Power port. This is to power the R-Pi board.

@DSI (Display Serial Interface) port for connection to display monitor.
@SD Card slot. On the bottom of the board.



23

3.2 IPSTAR Satellite

IPSTAR system provides a high-speed two-way broadband internet service via satellite connection. The

terminal equipment has been specially designed so that it can be used not only with IPSTAR satellite but also other

types of satellite. For relief effort during disasters or other emergency situations, the IPSTAR system and service has

been developed to meet the users’ requirement—to quickly recover the communication networks in the areas that are

severely affected by such disasters. It can provide high-speed internet, satellite phone and satellite news gathering

(SNG), and acts as a backup broadband communication system for hours, days, or even weeks after disaster until

regular services can be restored.

The benefits of using IPSTAR for disaster aids are:

It acts as a terrestrial infrastructure backup when the regular structure is damaged.

It serves as a stand-alone system for sending data, voice, and video applications.

It can be set up quickly in the disaster-affected areas.

It does not have a limi-tation on its service areas. It can be used in the business areas, urban areas, or remote
areas without landlines. On the other hands, other high-speed internet services, e.g., ADSL and cable
modem, can be used in the areas within and around the city limit.

Its satellite dish for transmitting and receiving signals is compact.

The pictures of IPSTAR satellite dish and the modem are depicted in Fig. 3.5.

f *

Figure 3.5: 1.2 meter satellite dish with LNB (left) and IPSTAR modem (right).
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3.3 1P Phone

Instead of connecting to a traditional public switched telephone network (PSTN), an IP Phone uses voice
over IP (VoIP) protocol for sending/receiving calls through an IP network such as the internet. The VoIP telephone
network is depicted in Fig. 3.6. Among many standard protocols, Session Initiation Protocol (SIP) is commonly used
for voice and video calls. The IP phone compresses 64 Kbps digital voice signals and encodes with low-bit-rate
Vocoder so that the signal is down to around 8-10 Kbps. The signals are then arranged into IP packets before being

sent through the network to the destination.

IP FPhoae PSTN

PockedPC
interpet Server

s

Digritat Link :

Figure 3.6: VoIP telephone network.

Some benefits of VoIP system for disaster are:

® Extending the telephone network. Any devices supporting over-the-internet operations such as PA, PDA
phone, mobile phone, can connect through VoIP into the disaster-affected areas.

® Saving the cost of long distance calls. Networks in different cities can be connected via VLAN on the
internet, so that they can communications as if they were close by. The system only incurs the cost of
connecting to the internet.

® Saving the cost of network setup. It uses the high-speed internet network from IPSTAR. Besides, network
management and maintenance are easy. There is no cost for software copyright as that is part of the IPSTAR

service.



25

- 3.4 Installation and testing of IP Phone using the IPSTAR system
Fig. 3.7 illustrates the IP Phone system via IPSTAR satellite, which is composed of the antenna, the

modem, the IP phone, and the computer.

Figure 3.7: Block diagram of the IP phone system via IPSTAR satellite.

3.5 Satellite dish setup
Assemble the 1.2m satellite dish components, as shown in Fig. 3.8. Attach the stand to the cement base, as
_seen in Fig. 3.8(a). Adjust the stand so that it is perpendicular to the base. Assemble the dish to the stand, as shown

in Fig. 3.8 (b). Next, install feed horn into its position (Fig. 3.8(c)), and secure with the nuts and bolts.
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(a) ) (c)

Figure 3.8: Satellite dish setup.

Turn the feed horn to four o’clock and adjust the azimuth angle (AZ) to 120 degrees (SE) so that the dish
points to ThaiCom 4 (iPSTAR) satellite. Adjust the elevation angle (EL) to 62 degrees. The installed dish is depicted

in Fig. 3.9.

Figure 3.9: Satellite dish after setup completion.
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3.6 IPSTAR modem setup

We Install the IPSTAR modem by connecting the BUC cable from the antenna to the SAT TX connector of
the modem and connecting the LNB cable from the antenna to the SAT RX of the modem. Connect the network
LAN RJ45 to the IP phone, as shown in Fig. 3.10. The status of the modem can be checked from the LEDs at the

front panel.

Figure 3.10: IPSTAR modem setup. Lefi: Cable connections to the IPSTAR modem. Right: Status LEDs of the
IPSTAR modem.

Raspberry Pi is programmed to enter the IPSTAR configuration webpage at the URL

http://192.168.5.100:8080/xwebgateway.cgi. We can configure many parameters through the Terminal Properties,

such as networking details, satellite details. For satellite, we can adjust the antenna so that the signal strength is
greater than 70 and the Es/No ratio is greater than 10. For the actual installation of the antenna at the rooftop of
KMITL Telecommunications Engineering building, the signal strength level during testing is 60 and the Es/No ratio

is 8.8 (see Fig. 3.11).
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Figure 3.11: The iPSTAR configuration webpage.

3.7 IP Phone Installation

The phone model used in this project is Grandstream GXP-1405. We connect the network LAN from the
IPSTAR modem to the LAN port of the IP phone. Then the network cable from the PC port on the IP phone is
connected to LAN port of the Raspberry Pi. Supply 5V DC to the phone through PoE. and finally, connect the headset

to the phone. The connections are depicted in Fig. 3.12.

Figure 3.12: Left: Cable connections to the IP Phone. Right: Connection with Raspberry PIi.
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The Raspberry Pi configures the IP phone via the Configuration webpage at ht (assigned from

IPSTAR) with Login password “admin”. The IP phone gets the IPv4 address from the iPSTAR modem, as seen in

Fig. 3.13.

Grandstream GXP1405

2 "
% Status Accounts Settings Network Maintenance Phonebook

Network Status

Network Status MAC Address  00:0B:02:S1:5A:70

P Setting  DHCP
Pv4 Address 162,168.5.8
IPvb Address . QD00:0:000
Subnet Mask 255.255°255.0
Gateway £92.168.5,100
DNS Server L 2031923334

DRS Server 2 00.0.5

Disabled
Unknowen RAT

PPROE Link Up

Figure 3.13: Network status window on the Configuration webpage.

Next, enter the SIP Account (from TOT), as shown in Fig. 33. Check the account registration. From Fig. 34,
we can see that the phone number “0600045200” for this IP phone has been registered successfully. The phone model

used can set up two SIP accounts, however we only use one account here.
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Figure 3.14: General settings window for entering the SIP account information.
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Figure 3.15: Account status window for checking the IP phone registration.

The phone operation is tested by checking the number configured to the IP phone. Fig. 3.16 displays the
assigned number “0600045200” on the IP phone.
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Figure 3.16: Display of the phone number assigned to the IP Phone via the configuration procedure.

After testing, the IP phone can now be used for two-way communications. The call can be placed from the
IP Phone to any phone numbers (of any carriers). However, only phones on an AIS network can call the IP Phone

because it is the only carrier that is supported by the iPSTAR service.
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Chapter 4

The Central Data Management System

The central data management system has three main functionalities. First, it is the main server that combines
data from the mobile monitoring station that is sent via GPRS module over cellular network and the data from satellite
communications unit in case of cellular network damage or service disruption. Secondly, it houses the risk analysis
algorithm using fuzzy expert system and sends warning alarm to corresponding official response units. Lastly, it

serves as the web server that hosts information accessible to the public.

The hardware used in this project for setting up the central data center:
® IBM server (X3500 M4 model). The CPU is Intel Xeon E5-2620 6 cores 2.0 GHz, 15 MB internal cache,
16 GiB Ram, 300 GB Hard drive, Hot-Swap 2.5” SAS, 10.000 rpm. The operating system on the server is
Debian 3.2.60 x64 (Linux Kernel 3.2.0).
® The Server URL is http://apt.telecom.kmitl.ac.th/
® APC SMART UPS Uninterrupted Power Supply 1000VA/670W

® DELL Inspiron 3537 W561011TH-3537-Black-Ubuntu laptop for on-site data processing

42” Philips 42PFL.3008S/98 Display monitor

The software includes Apache 2.4.10 for the web server, MySQL 5.5.40 for database management, and PHP
5.6.0 interpreter.

The data center displays the location of the available mobile base stations. There is one mobile base stations
currently sending data to the server. By clicking the “Show All” button all data from the mobile station can be
monitored. Figure 4.1 displays the sensor data received from the mobile floods monitoring station operating on the

test site in Chainat province. The data can also be exported in .csv format (Fig. 4.2) to other programs for subsequent

processing.
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Figure 4.2: Sample data from mobile base station in .csv format.

4.1 Early Floods Warning Software

Disaster risk analysis and early warning algorithm has been developed for floods warning up to 24 hours in
advance. The measured data from different sensor modules is sent and collected at the central data server. Risk
analysis is performed using Adaptive Neuro Fuzzy Inference Systems (ANFIS). The ANFIS combines artificial
neural network with the fuzzy inference system, where reference from disaster experts is used to construct the rule
(rule-based fuzzy logic) for disaster inference.

The algorithm is installed on both the mobile monitoring station and the central data management system.
Once the algorithm detects possible incoming disaster, the preliminary warning is promptly sent out from the mobile
station. At the same time, the central data management system will report the detected potential disaster to the official

disaster response unit, who will consequently analyze the severity of the situation. Official alarm and appropriate
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protocol will be sent to all related governmental units as well as to appointed local contact person. It is also possible
to adjust the inference rule/criteria when additional local information or prior information on past disasters becomes

available.

4.1.1 Algorithm design

The disaster analysis and early warning algorithm has been designed for floods monitoring. The algorithm
is designed to predict an event of floods 24 hours in advance. Floods prediction uses two ANFIS systems, as shown
in Fig. 4.3. The Inputs of the system are today’s water level and flow rate, and the differential flow rate between
yesterday and today. The first ANFIS uses today’s water level and-the differential flow rate as inputs to predict
tomorrow’s water level. The second ANFIS predicts tomorrow’s flow rate from today’s flow rate and the differential
flow rate. The outputs are compared with the flooding criteria to determine whether it is normal, critical, or at flooding
level. Note that these criteria (Normal, Critical, and Flood) are location-dependent. Floods happens when either the

water level or the water flow rate meet the flooding criteria.

‘ Level
Level todav : Fomorrow
= ANFIS
oflow rate , |
todav. vesterda {Normal,
Criteria Critical or
Flood}

-1 1
Flow rate ANFIS

oflow rate —> Flow rate
todav. vesterda tomorrows

Figure 4.3: Block diagram of the early floods warning system.

The architecture of the proposed ANFIS for early flood warning is illustrated in Fig. 4.4.
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Figure 4.4: Architecture of the ANFIS.

The structure consists of 6 layers according to the feed-forward neural network. There are two system inputs
x1 and x2. Input x/ corresponds to two fuzzy sets A/ and A2, whereas fuzzy sets B/ and B2 are for input x2. There

is one output, y. Following Sugeno fuzzy model, we construct four rules:

Rule 1: Rule 2:

If x, is 4 xis A4

And x, is B And x,is B,

Then v=fi= kg &%+ kox, Thenv=f, =k, +kyx +h,x,
Rule 3: Rule 4:

If x, is 4, if xis 4

And x, is B, And x, is B,

Then y = f, =R NAx, bk, Then = £ #k,, +k,x +kgx,

k,.k,.andk,, are consequent parameters of rule 7.

The operations in each layer can be summarized as follows.

1) Layer 1: Input layer

This layer processes the inputs before passing it to Layer 2, using

y=x, (2)

. s th
where 7 is the index for the i neuron.

2) Layer 2: Fuzzification layer
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The fuzzification step takes the inputs from Layer 1 and determines the degree to which these inputs

belong to each of the fuzzy sets via the membership functions 71, (X)

v=m, (y") 3)

when y’m is the membership function of 4, . The membership function adopted from Jang’s model is the

Bell activation function, whose equation is
1
@ _
T ) 25, (4)
1 4]
CI
where a,, b, and c, are the parameters for controlling the center, the width, and the slope of such function,

respectively.

3) Layer 3: Rule layer

The rule layer computes the firing strength of the rules for each neurons. The result in this layer is from the

product

m

W =TT ®
J=1

For example, the output of rule layer for the rule in the first neuron ( H, ) is
v =y xy = m (©6)
4, is the firing strength or truth value of Rule 1.

4) Layer 4: Normalization layer

The Normalization calculates the normalized firing strength

@ _ Moo=
i ~n —/ul

DA,
Jj=1

(7

5) Layer 5: Defuzzification layer

This layer calculates the weighted consequent values of the rules using the inputs,

yl(s) =R |:k,0 +Zkuxj] (8)
J=1
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6) Layer 6: Summation neuron

The output y of the ANFIS is finally calculated using

y=25" )

The ANFIS training algorithm utilizes a hybrid learning algorithm, which combines a least-square estimator
with a gradient descent method, to adjust parameters &’s and the membership functions. The weights in the
feedforward pass are determined using least-square estimations. The backward pass applies the back-

propagation algorithm.

For the Sugeno-style ANFIS used in this algorithm, the output y is a linear function. Therefore, from the

input-output pattern we can write £ linear equations to represent the parameter outputs as,

1=y (10)
Alternatively, in matrix form we have
Yy = AK (11)
where y, is P x1 vectorof the desired output.
BAOK
Vi(2)
YR ¢ (12)
% yd(p)
_yd(P)_
Aisa Pxn(l+m) matrix,
(a0 gOx0) - ghx,0) - g0 gOx,d) - EGDx,0]
/'_11(2) /‘_ll(z)xl(z) T /__[](Z)xm(Z) :L_ln(z) :Eu(z)xn(z) ﬁl(l)xm(l)
. _: ) : B : _: B : .
/ul(P) lul(p)xl(p) lul(p.)xm(p) ,u,,(p) ﬂn(p)xn(p) ,ul(l)xm(l)
| 4(P) m(P)x,(P) -+ m(P)x,(P) - @(P) m,(Px,(P) - mDx,[1)] (13)
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and k isann(l+m)x1 vector of the unknown parameters,

ST 1/ 0 S T Y D S S S O SN I (14)

Im m 00 Ynl Tn2 T nm

Typically, if the number of equations P in the learning process is larger than the number of parameters
(n(1+m)), the system of linear equation is over-determined, and we can use the pseudo-inverse technique to solve
for k,

k'=(A"A)"'A”y, (15)

We can calculate the error vector,

X\ Va7 Y (16)

The Back-propagation algorithm is utilized in the backward pass, and the parameters are updated using chain
rule. When there is an update of the weight for parameter @ of Bell activation function for neuron 4, , we obtain the

following chain rule,

5 X7 § P
72 a-aﬁx—a—e—x 2 xo(ﬂiﬂ)x%x——aﬂ’ x SEa (17)
Oa éa dy Ouf) OH, op, Cp, Oa

The variable « is the learning rate, and E is the error of the ANFIS output.

Because
EL e = (e 90 18)
=3¢ 73 Ya-¥ (
Hence,
A==y < LU R), B by (19)
”r /“.41 ca
or
= _ 1 0
Aa=aly, - ) [0~ F)x—xEL (20)
Ky Oa
where
aﬂAI = l - 2xc]zb)(be(-x_l_a)'.’h-lX(_l) (21)
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2b-1
=ﬂ2AlX2—b'X(XI_a) (22)
c c

Parameter b and ¢ can be calculated in a similar manner.

4.1.2 Algorithm testing for early floods warning

We test the performance of our algorithm using the data at Bangbal station (C37) in Ayuttaya province,
Thailand. This location experiences annual flooding during the rainy season. Hence, there are sufficient data to create
flooding criteria based on actual events. During flooding, the water level and water flow rate exceed the river

capacity. The flooding criteria at C37 station are displayed in Table 4.1.

Table 4.1: Flooding criteria at Bangbal station

Water level (im) Water flow rate (m3/s)
Normal Critical Flood Normal Critical Flood
335 3.35-3.80 >3.80 <110 110-134 > 134

The system learns from the water level and water flow rate data between 2008 and 2011. For the fuzzification
layer (Layer 2), the fuzzy sets of the first input (A] and Az ) and those for the second input (B, and B,) in terms of
the membership functions are illustrated in Fig.4.5.
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Figure 4.5: Membership functions of the 1™ ANFIS.



Using the bell activation function,

a, ,b and ¢, are calculated to be
A : a=-34.83 b=1345¢,=33.71
4, : a,=32.32 b,=2.11 ¢,=33.09
B, : a;=-1.752 b,= 03962 ¢, = 0.3962
B, : a,=3.711 b,= 1027 c,= 2261.

For defuzzification layer (Layer 5), the coefficients k,, , k,, and k,, forthe first order equation
y:(S) "~ lut |:k:0 +Zk11x1i|
j=l

are
ko =2.573 k,,=0.1058 k,,=0.3198.
ko =-1.767 k, = -0.04154 k,,= 1333
k,,= 2322 k,,=0.1372 k;,=1.572
ko= 154 k,,=-0.04321 k,,=0.7214

41

(23)

(24)

Similarly, we obtain the membership functions for the 2" ANFIS, as depicted in Fig. 4.6, along with the

following coefficients,
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Figure 4.6: Membership functions of the 2 ANFIS.

4+ a;=-31.12 b= 6494¢,=34.83

4, :a,=2838 b,=20.04 c,=32.48
B, : a;=5.509 b,=1.488 ¢;=212.4
B, :a,=4193 b,=2.241 ¢,=209.7

and
k,, =-5.135 k,;=-0.206 k,,=0.9859
k,,=-30.66 k,,=0.6983 k,,=1.084
kyy=4.163 ky; =04111 ky;=0.9912
k,,=34.38 k, =0.7558 k,,=0.9029.
After training, the algorithm predicts the daily water levels and water flow rates for 2012. The predicted

water levels and flow rates, compared against the actual measurements, are depicted in Fig. 4.7 and 4.8, respectively.
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Figure 4.7: Predicted and measured daily water level in 2012.
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Figure 4.8: Predicted and measured daily water flow rate in 2012.

It is observed that the predicted results are in excellent agreement with the actual measurements with minimal
errors. The maximum errors for the algorithm predictions are 0.3 m for water level, and 0.45 m’/s for water flow rate.

Fig. 4.9 illustrates the predicted results in January 2012.
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Figure 4.9: Predicted and measured daily water level and flow rate in January 2012.

We measure the efficiency of our algorithm using three indices, namely the mean absolute deviation (MAD),

the mean square error (MSE), and the efficiency index (EI). These quantities are given by the following equations.

g e
MAD = z——ml:l‘ zil (25)
Noop,  L'N2
MSE = _Zl=_1(%_21)_ (26)
- (ST-SSE)
b= N 4 27

with ST = £V, (t; — £)? and SSE = TN (t; — 2% I, and z, are measured and predicted values, respectively.
The performance of the algorithm in terms of these performance measures are given in Table 4.2. Note that the

efficiency indices are above 99% for all cases, confirming the efficacy of our algorithm.



Table 4.2: Performance indices for the early floods warning algorithm using data at C37 station.
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Water level Water flow rate
2008-2011 data 2012 data 2008-2011 data 2012 data
MAD 0.0691 m 0.0605 m 2.0260 m'/s 1.6687 m’/s
MSE 0.0102 m 0.0073 m 11.1248 m'/s 6.5649 m'/s
El 0.9960 0.9932 0.9986 0.9949

For 2012, there were two floods happening in September (during September 11-18, 2012 and 21-24 September,
2012). Our algorithm is able to correctly predict both events, as shown in Fig. 4.10.
Level in September
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Figure 4.10: Floods predictions in September 2012.

The early flood warning algorithm is installed in the central data management system. It analyzes the data
sent to the central server from the mobile monitoring stations. The display GUI is designed using LabVIEW. Fig.
4.11 is an example of the GUI which monitors Bangbal station (C37). The left panel shows the location of the
monitoring station on a google map. The right panel displays the monitoring status. In Fig. 4.12, the system sends
out a warning that that there would be floods occurring on September 11, 2012 based on the predicted water level (4
m, shown in red graph). The measured sensor data in Fig. 4.13 (blue graph) confirms that the prediction was correct

and the water level was in the flooding zone (>3.8 m).



Figure 4.12; Flooding is predicted on September-11, 2012.

46



In addition, the GUI displays other sensor data acquired from the weather station at C37, for example,

temperature, atmospheric pressure, humidity, wind speed and direction, and rainfall rate, as shown in Fig 4.14.
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T
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Figure 4.14: Weather parameters displayed on the GUI.
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4.2 Landslide monitoring and detection system

4.2.1 Landslide monitoring using hazard map

In Thailand, statistics collected since 1970 suggest that a landslide caused by flash floods from heavy rainfall
happen every five years or so, usually in the northern or southern provinces. Reoccurrences at previously affected
areas are also rare. Different types of rocks have been recorded and classify accordif)g to the corresponding
landslides. Rain-induced landslides, which can cause severe damage to human life and property, have been on the

increase in the past decade. Examples of past landslides are illustrated in Fig. 4.15.

S

o R

Figure 4.15: Past landslide events in Thailand.

A hazard map for landslide can be created using either a weighting factor or a geotechnical engineering
analysis. A hazard map allows active monitoring of specific areas that are prone to landslide. Related government
entities such as the Department of Mineral Resources and Land Development Department utilize geographical
information to produce such maps using weighting factor method. Factors that are correlated to landslide occurrence

such as surface slope, soil characteristics, land usage, local rainfall rate, or past incidences are weighted to assign
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Figure 4.17: Landslide hazard map for Phrae province.

Although there are other indices that may be used to indicate a possibility of a landslide, for example, faults
(from rock/soil movements); soil moisture level, water clarity (in rivers/lakes), or cloud density, a rainfall rate is
currently the best index for landslide warning. Using a rainfall rate in the target area as an index is convenient because
the measurement can be performed easily; Data sensing is inexpensive and can be done automatically as part of the
sensor network.

S. Soralump of Kasetsart University have proposed using a Critical Antecedent Precipitation Index (4PI,)
for landslide warning criterion. A landslide hazard map has been generated based in this API,, value, as illustrated in
Fig. 4.18, with six different hazard zones. The range of average API, value is 885-1068 mm with 180-263 mm

standard deviation (SD). The coefficients of variation (COV) are between 20.23-26.12%.
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Figure 4.18: Landslide hazard map based on the API,, index.

For landslide monitoring using the API, -based hazard map, rainfall rate collected at the mobile monitoring

station is sent to the central data management system. The system calculates the actual API index from the rainfall

data and compare it to the the critical API value at the monitoring site. If the current API exceeds the API, value, a

landslide warning can be issued.

There are other landslide warning criteria which also utilize statistics of rainfall data. For example, for a

landslide happening at soil surface (less than 2m depth) the rainfall intensity and rainfall duration are the proper

criteria. On the other hand, for deep landslide (occurring more than 2m down) the daily rainfall amount and the

cumulative rainfall are more suitable. Other statistics suggest that for the southern provinces, most landslide happens

when the 3-day cumulative rainfall is greater than 100mm and the daily rainfall is greater than S0mm. For other
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regions, landslide is reported when the 3-day cumulative rainfall is more than 200 mm. Depending on the location
and other prior information, the landslide early warning system can also adopt one of these criteria instead of the

API, index.

4.2.2 Landslide detection demonstration kit

Because landslides usually happen in a very large scale, we design and built a small-scale landslide detection
demonstration kit to demonstrate two alternative methods for warning. The system uses moisture level as measured
using three moisture sensors to predict a possible landslide. The moisture level data is sent to the central data server
via Zigbee module. Alternatively, a reed switch is used to detect a landslide when it occurs.

An arduino UNO R3 board is used as a processing unit for the demonstration system. The microcontroller
receives data from the moisture sensor and send the data wirelessly to the data center via Zigbee module. In this
project we use Xbee Pro 50mW RPSMA series 2, operating at 2.4 GHz with the 3-dBi duck antenna.

The reed switch and a magnet are placed inside a PVC tube, as shown in Fig. 4.19. When the landslide occurs, some
soil would fall into the container at the top of the tube (Fig. 4.20(a)). The weight of the soil would bend the tube at a

right angle (Fig. 4.20(b)), bringing a magnet closer to the reed switch and causing it to operate.

Figure 4.19: The equipments inside the PVC tube.
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(a) )

Figure 4.20: (a) The tube during normal event. (b) The tube during landslide.

The landslide demonstration system is depicted in Fig.4.21. The system is built from MDF boards and metal
bars. Its overall dimension is 1 m x 1 m x 0.5 m with a 0.5 m x 1 m ramp. The PVC tube containing reed switch is
placed in the box at the bottom. A pulley system is used to lift the soil from the box at the back up and over the ramp.
When the soil slides down the ramp to the box at the bottom it would trigger the reed switch inside the PVC tube and
send out the alarm.

Note that this landslide demonstration kit serves a different purpose than the early-warning system. Here,
the warning is what the landslide has already happened. It is to signal the emergency evacuation instead of predicting

the potential landslide days in advance.
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Figure 4.21: Landslide warning demonstration kit.
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FLOOD MONITORING AND EARLY
WARNING USING INTELLIGENT
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N. Puttarak, T. Limpiti, S. Chivapreecha, A. Trirat, J. Koseeyaporn, P. Wardkien, N. Sra-ium, and C.

Phongcharoenpanich

Department of Telecommunications Engineering, Faculty of Engineering, King Mongkut’s Institute of

Technology Ladkrabang, Bangkok, Thailand 10520

ABSTRACT

In Thailand, the annual recurrence of flood in
northern and central-region provinces during
rainy season may turn out to be a major disaster
with the lack of good management. This project
aims to apply ICT in disaster management,
particularly flooding. Flood preparedness
includes flood monitoring and warning efforts.
This is achieved by developing an intelligent
flood monitoring system. A mobile system
prototype for a disaster monitoring station with
integrated sensors for water level, water flow
rate and direction, rainfall rate, as well as other
weather parameters, has been constructed. The
mobile monitoring unit includes the control unit,
power supply unit, sensing components and
two-mode communication module.  The
communications is via cellular network in
normal operation mode and via satellite link
when all other communications channels are
down from disaster. The mobile station
periodically sends data to the central data
management system. Besides collecting and
storing the data, the central management
system houses a risk analysis algorithm based
on adaptive neuro fuzzy inference. It sends
warning alarm to corresponding official
response units in case of a predicted disaster. It

also serves as the web server that hosts
information accessible to the public.

Our system had been tested on site at
the Hydrology Irrigation Center for Central
Region in Chainat province. The data was
successfully transferred to the central data
management system. [n addition, the water
data from Thailand’ s Royal Irrigation
Department Bangbal station in Ayuttaya
province was used to test the risk analysis
algorithm. We demonstrated that it is able to
predict events of floods 24 hours in advance.

Keywords: Flood monitoring, early flood warning,
disaster management, fuzzy inference, mobile
sensor station

I. INTRODUCTION

The 2011 mega flood had a devastating
effect on more than ten provinces of Thailand,
especially in the central region along the Chao
Phraya River including Bangkok. The disaster
badly crippled the country both economically
and socially. During that time, seven major
industry estates were inundated, forcing many
plants to shut down. People lost their jobs, as
well as their home. Overall, this flood affected
more than 13 million people and resulted in



more than 680 deaths [2]. Unfortunately, this
mega flood was not the only disaster we had to
face. Each year many people suffer from heavy
rains combined with tropical storms and
landslides during a rainy season, while during
crop season in the summer they face the
droughts [3-5].

When it is not easy to access alert
information about disaster occurrences,
announcements from responsible officers may
not reach appropriate people on time.
Additionally, a thorough analysis on the causes
of problems is crucial to prevent or alleviate
possible damages in future disasters. At
present, we do not have a real-time disaster
monitoring and warning system that can
effectively estimate and also record statistical
disaster-related data for analysis.

In flood detection and monitoring,
efficiently monitor, control, and manage water
level, water flow, and rainfall during each year's
rainy season is valuable. This project aims to
design a mobile system for flood information
networking. We use sensors to detect water
level, water flow rate and direction. In addition,
rain fall rate and other meteorological data are
measured by a weather station. All sensors, the
weather station and processing unit are
integrated in the mobile stations that can be
moved easily and located closed to disaster-
prone areas. For the communication part, all
measured data is wirelessly sent to a central
data center via a GPRS (General Packet Radio
Service). However, when mobile operators are
out of service due to severe disasters, the sensor
data is sent via satellite. To test the system, the
mobile station has been installed at the Royal
lrrigation department in Chainat province,
Thailand. The measured sensor data has been
successfully transferred to the central data
management system. Besides collecting and
storirig the data, the central management

system houses the risk analysis algorithm and
sends warning alarm to corresponding official
response units in case of a predicted disaster. It
also serves as the web server that hosts
information accessible to the public.

The specific contributions of this project
are 1) develop a prototype mobile monitoring
station and communications system with
integrated sensors for flood monitoring, 2)
design and implement an intelligent early-
warning algorithm which analyzes the sensing
data and broadcasts warning of potential
disasters to local communities, as well as alerts
authorities, and 3) build a central information
server for administrative managemerit.

This paper is organized as follow.
Section [l shows the overall system design of this
project. Section Il introduces the mobile
monitoring station, which consists of plug-in
sensors, a weather station, a processing unit,
and a power supply. Then, the communication
components including GPRS and satellite are be
described in Section IV. A flood prediction
model using Fuzzy inference system s discussed
in Section V. Lastly, the conclusion is given in
Section VL.

Il. THE SYSTEM DESIGN

The overview of our system design is
given in Fig. 1. Different mobile monitoring
stations containing various types of sensors
suitable for disaster monitoring of choice are
placed at disaster-prone locations across the
country. During normal situation, the mobile
stations communicate via mobile networks,
sending sensor data and other relevant
information to the central data management
system. During or after disaster, stations within
the vicinity of the affected areas where mobile
network is down sent the data alternatively
using satellite link. The central data
management system contains the information



server, monitoring data during normal
operations and during disaster. It also houses
the risk analysis algorithm using fuzzy expert
system and sends warning alarm to
corresponding official response units. Lastly, it
serves as the web server that hosts information
accessible to the public.

e Moblle Information Server

Figure 2: The communications during normal
situation.

Figure 2 depicts the communications
during normal situation. The sensor data and
the location of the mobile station is routed to
the mobile information server through the
country’s existing mobile network. In the cases
that the mobile station is installed in the area
where mobile network is not available, e.g .
inside the jungle, in the valley, or in the disaster
area where the terrestrial communication is
disconnected, all measured data is sent to the

server using the satellite communication link, as
shown in Fig.3.

Figure 3: The satellite communications.

1ll. MOBILE MONITORING STATION

The mobile disaster monitoring station
consists of two main parts—the control unit and
the power supply unit. Sensor data received at
the control unit are subsequently sent out to the
central data management system to be
analyzed for possible disasters either via a
mobile network (normal situation) or a satellite
link (during disasters). Components of the
mobile monitoring station are displayed in Fig.4.

Power Supply ‘

FControIIing Unit J

* e
‘ Vantage Pro2
e Y Weather

7 (e )

Figure 4: Block diagram of the mobile disaster
monitoring station.



The mobile monitoring station can be
powered two ways—using regular power outlets
or using solar cells. For the units located in the
city area, for example, units installed for
additional measurements away from fixed-
point monitoring stations, the units can use
regular power outlets. Solar cells power is used
for mobile units that are installed in the rural
areas or difficult terrains without electricity, or
used in the case that the electrical system is
down due to disasters. For both power systems,
inverter for charging reserve battery is provided.
For usage, the user can choose the power supply
manually.

k>
5.

Figure 5: Hardware of mobile menitoring
station.

Figure 5 depicts the hardware of mobile
monitoring station located on top of the
building of department of Telecommunications
Engineering, Faculty of Engineering, King
Mongkut's Institute of Technology Ladkrabang
forinitial testing. Figure 6 and 7 show the actual
hardwares of the supply unit and control unit
including sensors installed at the mobile station.

unit.

(a) (b) (c)

Figure 7: The control unit and sensors installed
atthe mobile station. (a) External of the control
unit. (b) Internal of the top control unit. (c)
Internal of the bottom control unit.

The mobile monitoring station for flood
warning has been tested on site at the
Hydrology Irrigation Center for Central Region
in Chainat province during a visit from the
Japanese experts. The data (water level, water
flow rate, and weather parameters) are
successfully transferred to the central data
management system.

IV. SATELLITE COMMUNICATION UNIT

In case of natural disasters such as
floods, landslides, tsunami, or earthquakes,
infrastructures of terrestrial and cellular



telephone networks are often damaged or out
of order. Relief efforts to restore the original
networks could take weeks, so communications
between stranded disaster victims and other
areas are cutoff. To quickly restore
communications during or immediately after
such disasters, Raspberry Pi, a credit-card sized
computer, is used as a server to control and
manage sensor data from the weather station.
The data is sent to the database on the central
server via an Internet network of IPSTAR
satellite. This real- time sensor data can be
monitored and utilized by people in the disaster
areas, as well as other people outside the
affected areas. An IP phone is used to send and
receive calls between disaster area and safe
areas. This satellite communications system is
depicted in Fig. 8.

rovepv

Figure 8: Communications system via IPSTAR
satellite during disaster.

Figure g illustrates the IP Phone system
via the IPSTAR satellite, which is composed of
the antenna, the modem, the IP phone, and the
computer.

Figure 9: Block diagram of the IP phone system
via IPSTAR satellite.

V. THE CENTRAL DATA MANAGEMENT
SYSTEM

The central data management system
has three main functionalities. First, it is the
main serverthat combines data from the mobile
monitoring station that is sent via GPRS module
over cellular network and the data from satellite
communications unit in case of cellular network
damage or service disruption. Secondly, it
houses the risk analysis algorithm using fuzzy
expert system and sends warning alarm to
corresponding official response units. Lastly, it
serves as the web server that hosts information
accessible to the public.

The data center displays the location of
the available mobile base stations. There is one
mobile base stations currently sending data to
the server. By clicking the *Show All” button all
data from the mobile station can be monitored.
Fig. 10 displays the sensor data received from
the mobile floods monitoring station operating
on the test site in Chainat province. The data can
also be exported in .csv format (Fig. 11) to other
programs for subsequent processing.



Intelligent Mobile Disaster Monitoring and Early Warning Unit with Information System
for Administrative Management

Figure 10: Data displayed after clicking the
“Show All” button.

=5

Figure 11: Sample data from mobile base
station in .csv format.

VI. FLOODING ESTIMATION MODEL
Disaster risk analysis and early warning
algorithm has been developed for floods
warning up to 24 hours in advance. The
measured data from different sensor modules is
sent and collected at the central data server.
Risk analysis is performed using Adaptive Neuro
Fuzzy Inference Systems (ANFIS). The ANFIS
combines artificial neural network with the
fuzzy inference system, where reference from

disaster experts is used to construct the rule
(rule-based fuzzy logic) for disaster inference.

The algorithm is installed on both the
mobile monitoring station and the central data
management system. Once the algorithm
detects possible incoming disaster, the
preliminary warning is promptly sent out from
the mobile station. At the same time, the central
data management system will report the
detected potential disaster to the official
disaster response unit, who will consequently
analyze the severity of the situation. Official
alarmand appropriate protocol will be sent to all
related governmental units as well as to
appointed local contact person. It is also
possible to adjust the inference rule/ criteria
when additional local information or prior
information on past disasters becomes
available.

A. Algorithm design

The disaster analysis and early warning
algorithm  has  been designed for floods
monitoring. The algorithm is designed to predict
an event of floods 24 hours in advance. Floods
prediction uses two ANFIS systems, as shown in
Fig. 12. The Inputs of the system are today’s
water level and flow rate, and the differential
flow rate between yesterday and today. The first
ANFIS uses today’s water level and the
differential flow rate as inputs to predict
tomorrow’s water level. The second ANFIS
predicts tomorrow’s flow rate from today’s flow
rate and the differential flow rate. The outputs
are compared with the flooding criteria to
determine whether it is normal, critical, or at
flooding level. Note that these criteria (Normal,
Critical, and Flood) are location-dependent.
Floods happens when either the water level or
the water flow rate meet the flooding criteria.
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Figure 12: Block diagram of the early floods
warning system.
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Figure 13: Architecture of the ANFIS.

The architecture of the proposed ANFIS
for early flood warning is illustrated in Fig. 13.
The structure consists of 6 layers according to
the feed-forward neural network. There are two
system inputs x;and x,. Input x; corresponds to
two fuzzy sets A, and A4,, whereas fuzzy sets B,
and B,are for inputx,. There is one output, y.
Following Sugeno fuzzy model, we construct
four rules:

Rule 1: Rule 2;

If x is 4 If 5 is A4,

And x, is B And x, is B,

Then y = f, =k, +k,x +k.x, Then y= £, =k, +k,x, +kyx,
Rule 3: Rule 4:

If x is 4, Ifx s 4

And x, is B, And x, is B,

Then y = f; =Ky +ky,x, +kp,x, Then y = [, =k, thkox tkpx,

k.k,, andk , are consequent parameters of rule ;.

The operations in each layer can be summarized
as follows.

1)

2)

3)

Layer 1: Input layer
This layer processes the inputs before
passing it to Layer 2, using

e .
yl _‘)‘l

,‘th

where i is the index for the /" neuron.

Layer 2: Fuzzification layer

The fuzzification step takes the inputs
from Layer 1and determines the degree
to which these inputs belong to each of
the fuzzy sets via the membership
functions m, (X)

2) _ 1)
r()_ ’774()/,( )

y
when ‘% is the membership function

of A . The membership function

adopted from Jang’s model is the Bell
activation function, whose equation is

1
@ _

i 2b,
(1) -t
1efdiza
Cl

where a;, b;, and c; are the parameters
for controlling the center, the width,
and the slope of such function,
respectively.

Layer 3: Rule layer

The rule layer computes the firing
strength of the rules for each neurons.
The result in this layer is from the
product

m

3) _ (3)
yr _ijl
J=



For example, the output of rule layer for

the rule in the first neuron (I1,) is

4, isthefiring strength or truth value of

Rulea .

4) Layer 4: Normalization layer

The Normalization calculates the
normalized firing strength

@ _ M=
Y~ = n _aul

DA,

j=1

5) Layer 5: Defuzzification layer

This layer calculates the weighted
consequent values of the rules using the
inputs,

y:(S) u ul_l/ |:k,0 is Z] k[/'x‘/}
j=

6) Layer 6 :Summation neuron

. The output y of the ANFIS is finally
calculated using

y=3
=1
The ANFIS training algorithm utilizes a
hybrid learning algorithm, which combines a
least-square estimator with a gradient descent
method, to adjust parameters k's and the
membership functions. The weights in the
feedforward pass are determined using least-
square estimations. The backward pass applies

the back-propagation algorithm.

For the Sugeno- style ANFIS used in this
algorithm, the output y is a linear function.

Therefore, from the input- output pattern we
can write P linear equations to represent the
parameter outputs as,

f=y?
Alternatively, in matrix form we have
Ya = Ak
Where Y, is Px1 vector of the desired output.

i a1 ]
Ya(2)

i .
Y —.(P)

[9(P)]

Ais a Pxn(l+m)matrix,

a0 BEOx,@) s hx, ) m () B (Dxd) e B(Dx, ()

E2) VEQx@) BRI A e m2) B2)x(2) e E)x(D)
rp= —Z % H &l ki s —' y H M

AP A(PX(p) v E(PXP) v Ep) B(p)x,(p) e E(DX, ()

L(P) B(P)x(P) - A(P)x,(P) -+ BAP) HP)xP) - B)x,()

andk is ann(l +m)x1 vector of the unknown

parameters,

k=[kl() kl] kll"'klm klO k:l kll"'klm'“kno knl an"'knm]T

Typically, if the number of equations
P in the learning process is larger than the
number of parameters (n(1 + m)), the system
of linear equation is over-determined, and we
can use the pseudo-inverse technique to solve
for k,

K'=(A’A)"A"y,

We can calculate the error vector,



e=y, -y B. Algorithm testing for early floods
warning
The Back-propagation algorithm is
utilized in the backward pass, and the
parameters are updated using chain rule. When
there is an update of the weight for parameter

a of Bell activation function for neuron 4, we

We test the performance of our algorithm
using the data at Bangbal station (C37) in
Ayuttaya province, Thailand. This location
experiences annual flooding during the rainy
season. Hence, there are sufficient data to
obtain the following chain rule, create flooding criteria based on actual events.
e =—a£=—a£x@xixmx B om  omy During flooding, thfe water IeYeI and water fllow

da oa oy O(mf) oOm Om om, Oa rate exceed the river capacity. The flooding
criteria at C37 station are displayed in Table 1.

Thevariable « isthelearningrate,and E isthe

error of the ANFIS output. ) . ,
Table 1: Flooding criteria at Bangbal station

Because
Water level (m) Water flow rate (m3/s)
| 5 h 8 e
E = ;e- - %(J’d -y): Normal | Critical | Flood | Normal | Critical | Flood
- <335 3.35- | >3.80| (<110 110- >134
.80 1
Hence, : 3

ﬁ,(l_ﬁ:)xﬁi__x a.”Al

Aa =-a(y, - y)-1)f; ¥
A, My Oa

The system learns from the water level
and water flow rate data between 2008 and 2011.
or For the fuzzification layer (layer 2), the fuzzy

sets of the first input (4 and 4, ) and those for

Aa=a(y,-y)ful —ﬁ,)x—l—xfé‘i the second input (B; and B.) in terms of the
fx 7 membership functions are illustrated in Fig. 14.
where = A e S i’ o cimmlddng
af‘f“ =- —= x—%x.’lbx(xl—a)"’"x(—l) T ——— ‘
1+ 3% 2 8 . 6 #* )
c ity Tow rate { SOCEY - yestwie
gt X2bx(xl—a o & B .
e A

| R
25
Level { toctay

Parameters band ¢ can be calculatedina
similar manner. Figure 14: Membership functions of the 1*
ANFIS.

Using the bell activation function,
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a;j, b; and c;are calculated to be
A, :a,= -34.83 b,= 1.345 ¢,= 33.71
A, :a,=3232 b,=2.11 ¢,=33.09

B, :a,=-1.752 b= 0.3962 c;= 0.3962
B, :a,=3.711 b,=10.27 c,= 2.267

For defuzzification layer (Layer 5) the
coefficients k,;, k, andk,, for the first order
equation,

2 =B | * > kyx,
! Lare
kyy = 2.573 k;;= 0.1058 k;,=0.3198
kyy = ~1.767 kyy= -0.04154 k;,= 1333
kzp = -2.322 k3, = 0.1372 k;,= 1.572
kg = 1.54 k,;= 0.0432 ky,= 0.7214

Similarly, we obtain the membership
functions for the 2" ANFIS, as depicted in Fig.15
along with the following coefficients,

Memberstip filicton of 2 ANFIS

g g y i

Dsgree of iensbership
s 2

Dogrer ol menbership
N x

Figure 15: Membership functions of the 2™
ANFIS.

A, :a;=-31.12 b,= 6.494 c,= 34.83
A, :a,=28.38 b,=20.04 c,= 32.48

10

B, :a;=5.509 b,= 1.488 c,= 212.4
B, :a,=419.3 b,=2.241 c,= 209.7

And
kjy = -5.135 k,;= -0.206 k,= 0.9859
kyy = -30.66 k,,= 0.6983 k,,= 1.084

k

0 = 4.163 ky;= 04111 ky,= 0.9912

k,, = 34.38 k,;= 0.7558 k,,= 0.9029

After training, the algorithm predicts
the daily water levels and water flow rates for
2012. The predicted water levels and flow rates,
compared against the actual measurements, are
depicted in Fig.15.and Fig.16, respectively.
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Figure 15: Predicted and measured daily water
level in 2012.
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Figure 16: Predicted and measured daily water
flow rate in 2012.

It is observed that the predicted results
are in excellent agreement with the actual
measurements with minimal errors. The



maximum errors for the algorithm predictions
are 0.3 m for water level, and 0.45 m3/s for water
flow rate. Fig. 17 illustrates the predicted results
in January 2012.

Levelin 2012 ¢ January )

3

ischiwge (')
&

o2

Figure 17: Predicted and measured daily water
level and flow rate in January 2012.

We measure the efficiency of our
algorithm using three indices, namely the mean
absolute deviation (MAD), the mean square
error (MSE), and the efficiency index (El). These
quantities are given by the following equations.

MAD = Z?{—-liti—zil

N
MSE = Stmatizzi?
N
_ (ST-SSE)
El = e

With ST = $V.(t; —t)? and SSE = TN, (t; — z)%
t; and z; are measured and predicted values,
respectively.

The performance of the algorithm in
terms of these performance measures are given
in Table 2. Note that the efficiency indices are
above g9 % for all cases, confirming the efficacy
of our algorithm.
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Table 2: Performance indices for the early
floods warning algorithm using data at C37
station.

Water level Water flow rate
2008~ 2012 2008~ 2012
2011 data 2011 data
data data
MAD 0.0691 0.0605 2.0260 1.6687
m m m3/s m3/s
MSE 0.0102 0.0073 11.1248 6.5649
m m m3/s m3/s
El 0.9960 0.9932 0.9986 0.9949

For 2012, there were two floods
happening in September (during September 11~
18, 2012 and 21- 24 September, 2012). Our
algorithm is able to correctly predict both
events, as shown in Fig.18. '
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Figure 18: Floods predictions in September
2012,

The early flood warning algorithm is
installed in the central data management
system. It analyzes the data sent to the central
server from the mobile monitoring stations. The
display GUI is designed using LabVIEW. Fig.19is
an example of the GUI which monitors Bangbal
station (C37). The left panel shows the location
of the monitoring station on a Google map. The
right panel displays the monitoring status. In Fig.
20 the system sends out a warning that there
would be floods occurring on September 11,



2012 based on the predicted water level (4 m,
shown in red graph). The measured sensor data
in Fig.22 (blue graph) confirms that the
prediction was correct and the water level was in
the flooding zone (3.8 m).

Figure 19: Display GUI of the floods monitoring
system.

Figure 20: Flooding is predicted on September
11, 2012.
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Figure 21: Flooding is observed on September
11, 2012.
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In addition, the GUI displays other
sensor data acquired from the weather station
at C37, for example, temperature, atmospheric
pressure, humidity, wind speed and direction,
and rainfall rate, as shown in Fig.22.

Figure 22: Weather parameters displayed on
the GUI.

CONCLUTION

We has developed an early-warning
system  integration  for - flood disaster
management in the form of a unified platform.
The platformiis flexible. It is customizable based
on local needs and budget because all modules
are plug=in. In addition, the-mobile unit itself is
portable and is easy to install. It can also be a
stand-alone unit because it can send out early
flood warning ~ even  without  any
communications = with- the central data
management system. With the integration of
the central data server, however, the system
provides a complete nation-wide flood warning
and response system that can be monitored
wirelessly and can exchange information among
corresponding governmental units promptly
and seamlessly.

We also develop a new algorithm for
analyzing potential floods from measured
sensor data using the adaptive neuro fuzzy
inference system. The disaster inference rules



are designed using local information about the
disasters. The algorithm is fully automated; the
preliminary early warning alarm is sent from the
mobile unit promptly while waiting for the
official confirmation at the central data
management system about proper protocol
that the public should follow. This two-step
warning (preliminary-official) allows the public
to be informed and prepared for the potential
disaster in a timely manner. The algorithm has
been tested that it is able to predict events of
floods 24 hours in advance.

Acknowledgement

This project was partially supported by
King Mongkut’ s Institute of Technology
Ladkrabang grant #KREFo85701 and the HRD
programme for exchange of ICT researchersand
engineers from the Asia-Pacific Telecommunity
(APT). We would like to thanks the Hydrology
Irrigation Center for Central  Region for
supporting us to demonstrate our system
prototype on site in Chainat province.

References

[1] The Ministry of Finance, Royal Thai
Government and The World Bank, “Thailand
Flooding 2554 Rapid Assessment for Resilient
Recovery and Reconstruction Planning,” 28 Jan.
2012.

[2] Thailand's Metheorological Dapartment
(http://www.tmd.go.th/en/event/flood_in 2011

-pdf)

[3] Thailand’s early warning system. Disaster
Prevention Criteria Bureau, Department of
Disaster Prevention and Mitigation, Ministry of
Interior, Thailand.

[4] Strategic plan 2010-2013. Royal Irrigation
Department, Ministry of agriculture and
cooperatives, Thailand.

13

[5] Guidelines for strengthening and promoting
public involvement in flood management
networks. Bureau of Research, Development
and Hydrology, Department of Water Resource,
Ministry of Natural Resources and Environment,
Thailand. December 2010.





