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ABSTRACT

Flooding is a one of the devastating natural treat towards Malaysian which can cause
a loss of life, money and property. Due to great damages to residential area,
agriculture land, roadways and buildings, government have to spent a lot of money to
recover all the damages which can affect the economy of the country. Therefore, in
order to deal with this problem, one of the system can be improved is in the early
warning flood detection system based on real time basis. This paper presents the
prototype design of a flood monitoring system which build by combining the water
level sensor (conductance probe sensor) , monitoring LCD display, VHF 2m band
handheld transceiver Baofeng UV-5R, Open Tracker USB terminal node controller
board (APRS decoder), Arduino microcontroller and GPS module as a field station
equipment (transmitter) at the catchment area while TPlink MR3020 internet modem,
computer, RTL-SDR vhf tuner and another handheld radio transceiver as a
monitoring station equipment (receiver). This real time monitoring system is
developed to monitor the changes of water level and send an alert to user via an
APRS network immediately whenever a system defined alert condition initiating.
The ability to receive real time information on flood level empower both government
and private organisation to react to the imminent danger in an effective approach.
With the real time flood information, allows public safety organisations and other
emergency managers to effectively plan their resource deployment within the time of
alert. This system is cost effective and provides efficient data measurement where the
user can easily monitor the level of water based on location that have high possibility
to hit by flood by looking at the APRS server.
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AFSK - Audio frequency shift keying
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DAQ - Data acquisition

SKMM - Suruhanjaya Komunikasi & Multimedia Malaysia
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Amplifier - Device use to amplify the power of signal

DAB - Digital Audio Broadcasting

FM - Frequency modulation
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Chapter 1: INTRODUCTION

1.1 Background Study

A flood monitoring system consolidates device for recording and collecting the
reading of an instrument (for this case would be the water level data or rainfall data)
and transmitting the data via radio signal, then the device will be placed at the
selected locations around the catchment area. Recently, flood disaster in Central
Kelantan, Perak, Terengganu and Pahang had been triggered by rising river water
level and continuous rainfall. This phenomenon is considered as norm since
Malaysia is situated near the equator which the climate is hot and humid throughout
the year and rainfall occurs throughout the year too. Flood disaster often causes
damages and loss of life and money due to improper and unreliable early flood

detection system.

Flood monitoring using Amateur Packet Radio System on VHF, provides low power
serial formatted data packet frames AX.25 radio transmission and equipped with
reliable touch/conductance sensor. This complete system will do self-monitoring by
detecting the warning water level that have high possibility for flood hit which will
create a serial data flood data and decoded by Open Tracker to send as audio tone
frequency shift keying in the AX.25 protocol for transmitting. The water level and
amount of precipitation could be monitored to provide real-time feedback for

advanced warning system and prediction.



1.2 Problem Statement

Nowadays, the flood monitoring system in Malaysia are still using manual
monitoring that need a number of people to standby near to the catchment area, for
instance, the river and update the condition there to the local authorities. If there is a
sign of flood will hit that area, then the monitoring people will ask the local
residents to evacuate to the safer place. However this method would be a problem if
there is a lack of resource in term of people to monitor all the catchment area and
also the limited accessibility to the place. Other method used is by using helicopter to
monitor the area which is not a cost effective , limited monitoring view and take a lot
of time to monitoring each catchment area. Thus, the only way to counter the
problem is by setting up the autonomous flood monitoring system with the reliable

data transmission.

In order to monitor and predict the flooding situation, a self contained low cost water
level monitoring device using modified water level sensor connected to
microcontroller need to be developed and tested. The flood measurement data is to
be sent as a packet burst using 2 meter VHF transmitter to the monitoring station via
APRS channel frequency. The monitoring station would need to developed real-time

monitoring and condition modelling for decision.

1.3 Objectives

Flood monitoring using Automatic Packet Reporting System on VHF is a solution to
early flood detection monitoring system which provide real time monitoring and
reliable flood transmission data which integrated with the location by the GPS. The

objectives of this project are to design, develop and test:

1) A self-contained low cost water level monitoring device using water level

sensor measurement technique.



2) A communication system using packet burst on 2 meter VHF from APRS

transmitter to the monitor station.

3) A rreal-time monitoring and condition modelling software.

1.4

Scope of Study

The scope of study for this project are :

To study the suitable and reliable water level monitor system.

Water level monitoring system has to be constructed to automatically
respond to the occurrence of water rising. Several conditions need to be
considered in order to trigger the sensor.

To learn about the amateur packet radio system (APRS) :

The working principle of APRS should be understand first before knowing
how to interact that with the microcontroller. Moreover, the hardware and
component that needed to built an APRS should be identified and studied for
designing a prototype device. To make a transmission on APRS channel
frequency, the student must have a amateur radio license. RAE, radio amateur
examination by MCMC / SKMM must be taken first before handling the
project that use certain channel frequency which has been stated in Malaysia

communication law.

To understand the working principle of radio packet data, Terminal node
controller and AX.25 protocol.

AX.25 is the communication protocol implement in packet radio, which
basically the standard of 2 computer or microcontroller communicate to each
other. Terminal node controller is the hardware which function as packet
dissambler or assembler packet AX.25 data. Deeper study on those element

need to be done in order to built an APRS prototype.



Chapter 2: LITERATURE REVIEW

2.1 Flood Monitoring and Early Warning System In

Malaysia

Flood forecasting and warning system in Malaysia organizes an essential and
economical approach to reduce loss of lives and property damage. Since 1971,
Department of Irrigation & Drainage, DID, has been designated with the task of
providing flood forecasting and warning services to the public residents. Based on
records show that this organization provided the service for flood event of 1925 that
occurred along the Kinta River, Perak and Klang River , Selangor and also at
Bernam River at boundary of Selangor & Perak. In 1900's, flood monitoring system
based on water river levels stage gauge was set up at Bradley Steps, Kuala Krali,
Kelantan. The police who standby there, help in providing water level reading and

transmitted it via VHF sets to the Flood Warning & Relief Committee in Kota Bharu.
[1]

Water will overflow. Evacuation is in need

Water level is approaching danger level.
District and State Flood Operation Centre is
open. Prepared for evacuation

Water level exceeds normal level. DID
District and State Flood Operation Centre is
open 24 hours.
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Figure 1 Stage gauge water level monitoring
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2.2 Automatic Packet Reporting System (APRS)

"M.Mayers state that APRS is an abbreviation or shortened form for Automatic
Packet Reporting System, and is a system method of transmit digital data wirelessly
in the form of packet radio[1]. ""Packet Radio is a digital radio communications
mode". "It uses the same theoretical concepts of data transmission via Datagram that
are fundamentally to communications via the Internet, as opposed to the older
techniques used by dedicated or switched circuits Morse Code"[1] .D.Akins
mentioned that based on those old concepts, packet was purposeful as a way to
reliably transmit written information digital data. The predominant advantage was
initially anticipated to be increased in speed, but as the protocol developed, other
capabilities also improved "[2]."Tanya Deller cited, it was designed in the early 90's,
but it has seen development in the last few years due to user-friendly software such
as WInAPRS or Ul-View, and Kenwood Baofeng APRS enabled radio transceivers

becoming available" [4].

D.Akins mentioned that the APRS technology was a jump forward, making it
possible for almost all packet station to act as a digipeater, linking distant stations
with each other through ad hoc networks. This makes packet transmission very
useful for emergency and urgent communications. Plus, mobile packet radio stations
can automatically transmit their latitude longitude location by program it or by using
gps module, and check in periodically with the APRS network to show that they are
still operating[2].

D.Akins mentioned that the most common use of packet is in amateur radio, to
construct wireless computer networks. Packet radio uses the AX.25 (Amateur X.25)
data link layer protocol, derived from the X.25 protocol standard and adapted for
amateur radio use. AX.25 was developed in the 1970s and is based on the wired
network protocol X.25. AX.25 includes a digipeater field to allow other stations to

automatically repeat packets to extend the range of transmitters. One advantage is

5
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that every packet sent contains the sender's and recipient's amateur radio call sign,

thus providing station identification with every transmission.[2].

2.3 Terminal Node Controller (TNC)

W.S. Ford mentioned that in theory, a TNC works as a "radio modem". TNC
function as intermediary between radio tranceiver and controller. It carry the data
from computer or microcontroller, construct packets data in AX.25 protocol and
then transforms the packet data into audio signals (audio frequency shift keying) for
transmission by the radio tranceiver. Conversely, on other APRS station side , the
TNC demodulates the received AFSK signal, decoded it back into data, deconstruct
the AX.25 packets and sends the finished data to microcontroller. [5].

W.S. Ford mentioned that for 300 and 1200-baud applications, TNCs create signals
for transmission using audio frequency shift keying(AFSK). Twelve hundred baud
packet is most common and is used primarily at VHF. When creating a 1200-
baudsignal, a mark or 1 bit is represented by a frequency 0f1200 Hz. A space or 0 bit
is represented by a frequency 0f2200 Hz. The transition between each successive
mark or space waveform happens at a rate of 1200 baud. The frequencies of 1200
and 2200 Hz fit within the standard narrowband FM audio passband used for voice,
so AFSKis accomplished by simply generating 1200 and 2200 Hztones and feeding

them into the microphone input of astandard FM voice transmitter [5].
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Figure 2 Functional Block Diagram of a standard TNC board
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W.Steve Ford stated that a functional block diagram of a standard TNC board is
revised in the figure above. TNC contain a serial data interfacing connect to a dumb
terminal. Eventually, the terminal is a microcontroller or complete developed
computer. Then, Data transmit to the computer or microcontroller and tranmit
inversly via this terminal. At the brain of the TNC is the microcontroller and the
present of HDLC, High level Data Link Controller. The microcontroller is the
intelligence component of the unit which control the unit, but the HDLC is in charge
for constructing and deconstructing the AX.25 protocol packet data. The modem is
obviously a signal wave modulator (convert packet data to audio signal) and

demodulator (convert audio signal back to packet data) [5].

2.4 VHF (Very High Frequency) Radio Transceiver

W.S. Ford mentioned that VHF handheld radio is a two way radio which a radio that
can transmit and receive radio signal. This Device used together with TNC to built an
APRS. 1200 baud packet tones can be fed directly into the microphone input of any
VHF FM voice transceiver. To connect the radio and TNC, program cable would be
needed by custom build the cable .In most cases, there are separate connections for
the audio input and the push-to-talk (PTT) line. (The TNC grounds the PTT line to key
the transceiver.) Some transceivers also make receive audio available at the
microphone jack for use with speaker/microphone combos, then canuse this line to

feed audio to the TNC [5].
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Figure 3 TNC interface to the microcontroller through an RS-232 serial cable



2.5 Repeaters (digipeater) & IGATE

A.E. Loring mentioned that intelecommunications, a repeateris a network
hardware device that receives a signal and retransmits it at a higher level or higher
power, or onto the other side of an obstruction, so that the signal can cover longer
distances. It is a generic term that refers to several different types of devices;
a telephone repeater is an amplifier in atelephone line, an optical repeater is
an optoelectronic circuit that amplifies the light beam in a optical fiber cable; and
aradio repeater is aradio receiver and transmitter that retransmits a radio signal.
A broadcast relay station performs an analogous role in broadcast radio and

television.[5]

Figure 4 Digipeater bounds the received signal to other receiver.
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Figure 5 How command WIDE 2-2 works on repeaters.

A.E. Loring stated that a repeater is an electronic tools in a communication system
device that add up the power of a data signal and retransmits it back, allowing the
signal to travel at further distance. A high amount of electric resource power is
needed to amplifies the signal. A radio repeater usually consolidates of a radio
receiver to receive the signal and connected to aradio transmitter which is to
transmit back the amplifies signal. Usage of a duplexer can allow the repeater to use
one antenna for both receive and transmit at the same time. For this project repeater
that will build is called as digipeater. Digipeater a repeater node station in a APRS
radio network. It performs astore and forward function, passing on packets of

information from one node to another.[5]
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Figure 6 I-Gate send the radio packet data to global via internet connectivity

W.S. Ford mentioned that the APRS network is not a continuous VHF or UHF
system stretching from coast to coast and border to border. There are gaps in
coverage where one subset of the network is isolated from the rest. Fortunately,
APRS uses the internet to act as a bridge between the areas, unifying the network

nationwide. [5]

W.S. Ford cited that digipeater in APRS can be modified to become Internet
Gateways, IGATE. IGate digipeater stations work with dedicated software and
hardware that upload all received APRS packets and to open source APRS internet
servers. IGate is configured depends on how the owner set it up, packet is bounced to
another station and packets also uploaded to local networks from distant locations as

a two way process. [5]

2.6 Water level Sensor For Flood Monitoring

There are 2 type of sensor that can be considered, ultrasonic sensor and
conductance/touch sensor (probe). Water level conductance probe can be design
accordance with the water’s physical properties of having a weak electrical

conductivity. In fact, the conductance probe was designed by using a low corrosive
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metal wire and pipe. One end of the wire was tied with the ground pin of the main

circuit board; the other end was submerged into the water.

The metal wire pin is a stainless needle which was fixed on the sliding rule of the
optical water scale placed in the pipe to form a probe assembly. When the probe (one
of the pin) touched the water surface, the resistance between the metal pin and the
GND (wire) was between a few hundred KQ increase to few MQ; but when the
probe separated from the water surface, the resistance between the probe and GND
was open. Thus, the water level could be detected based on the value of the
resistivity [7].
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Figure 7 Circuit Diagram of conductance sensor with microcontroller.

HC-SRO04 is the ultrasonic ranging module for water level testing . HC-SR04 consists
of an ultrasonic transmitter, receiver and necessary electronics for making it a
standalone system. The operating principle is very simple. It sends 8 pulses of
40KHz sound waves, and picks up the reflected wave. The time lag between the
transmission and reception is measured and the distance is calculated from the
equation D=TS/2. Where D is the distance, T is the time lag and S is the speed of
sound. The output of the HC-SR04 will be a pulse whose width is proportional to the
distance. From the datasheet, width of the output signal will be 58uS for a distance of
1cm. What we need to do is to just send a 10uS wide trigger signal to the trigger pin

of the module and wait for the output pulse at the echo pin of the module [8].
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However, due to disturbance from bubbles, wave and heavy foam, this sensor is not
really reliable compared to water probe sensor.

10uS pulse to Trigger
sV,

Trigger

Eight 40KHz pulses Transmitted
sV,

Transmitter
output

Width proportional to measured distance /

sV Vee Trigger Echo GND
HC-SR04 Pinout
Echo
output

HC-SR04 Timing diagram

Figure 8 Timing Graph Diagram Ultrasonic Sensor
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Chapter 3: METHODOLOGY / PROJECT
WORK

3.1 Project Activities

Feasibility Study on Projects

Literature Review on Project

Program Development
(Simulation)

Hardware Development

Hardware & Program
Integration

|

YES

Data Analysis

Figure 9 FYP Flowchart

FEASIBILITY STUDY

Hardware & Program Problem

13

Test and identify the reliability of the water
level sensor. In this case, there are 2 proposed
sensor for water level sensor which are
ultrasonic sensor and touch/conductance sensor
for measuring water level and raindrop volume.
Those sensor will be connected with uploaded
program microcontroller and can see the result

through computer or LCD display.

Study on Amateur Packet Radio System which
cover the AX.25 protocol and terminal node
controller hardware. Student need to study how
TNC formatting flood data into AX.25 packets
,modulate it into audio signal and transmit it
through VHF radio.

Hardware & Software Development

Student has been expected to start build the
prototype in fypl. Basic system on flood
monitoring and TNC should be develop first

and get them ready for the troubleshoot period.



3.2 Research Methodology

¢ Project topic selection and approval from the supervisor

¢ Problem identification, develop objectives.

e Advance study and do research on APRS & water level sensor

e Selecting a suitable water level sensor

e Data and information gathered from research.

* Designing of prototype and constructing relevant circuit design

* Develop list of equipments, hardware, code and alternatives

* Prototype circuit build and uploading code

¢ Evaluation and improvement of the prototype

* Project Completed

€C€CCCECCEEC

Figure 10 Methodology & steps
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3.3 Key Milestone FYP 1

Secure FYP Title
Literature Review Study

Extended proposal submission

Proposal defence & progress evaluation
Project work

Interim draft report submission

Final report submission

Nk lwWN|E

Table 1 Key Milestone FYP 1

3.4 Gantt Chart FYP 1

Project Title Confirmation

Early Research on Project (Literature)
Preparing Extended Proposal
Prepare/buy the hardware & component
Testing Handheld tranceiver

Setup basic APRS system

Proposal Defence

Build flood moinitoring system circuit
Interface APRS & flood monitor circuit
10 |Microcontoller algorithm and program
11 |Preparing Interim Draft Report

12 |Preparing Final Report

WK (N[ |0 s [W N

Table 2 Gantt Chart FYP 1
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Progress Report

ELECTREX

3.5 Key Milestone FYP 2

Draft Final Report (hardcopy)

Final Report & Technical Paper

Viva

| | B w o

Final Report (Hard Cover)

Testing Handheld tranceiver

Setup basic APRS system

Build flood moinitoring system circuit

Interface APRS & flood monitor circuit

Microcontoller algorithm and program

Progress Report

ELECTREX

Table 3 Key Milestone FYP 2

3.6 Gantt Chart FYP 2

Draft Final Report (hardcopy)

Wit |~ | || | w ||

Final Report & Technical Paper

Table 4 Gantt Chart FYP 2
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3.7 Component & Functionality

S

ARDUINO UNO WATER LEVEL PROBE
m 3db ANTENNA . DHT11
LCD 16X2 DISPLAY BAOFENG UV-5R
«#’\ v
@ 1§ '

RS232 CABLE

3 = Cg ”
OPENTRACKER USB Q
MAX232 LEVEL UP
BATTERY BANK CONVERTER

RTL-SDR RADIO TUNER -

_ 7

-~

A

GPS MODULE { \ﬂ OPENTRACKER 3 MINI

TPLINK MR3020

Figure 11 Components & Hardware

ARDUINOUNO

.

WATER sENsor [l MAX232LEVEL CONVERTER

DHT11 SENSOR

OPENTRACKER USB

VHF TRANCEIVER 3

LCD D|SPLAY .................

Figure 12 Hardware Configuration Connection Diagram

Basically, this project would require microcontroller, terminal node controller, VHF
Radio, water level sensor, LCD display and a number of specific cables. Student
decided to use Arduino as microcontroller. Microcontroller is one device that

embedded with microprocessor and other electrical component which will act as

14



head or brain for the prototype. Microcontroller will give command, read or write
data from sensor and control other attached device by programming algorithm. There
are analogue and digital pins connection as 1/0O pin which can be used to connect to
the water level sensor, LCD display and alarm ( if necessary). TX/RX pin will be
used to connect to the RS232 terminal cable connection. In this project also student
need to study and identified which is the most reliable water level sensor, then, the

proposed sensor are touch/conductance sensor and ultrasonic sensor.

Terminal Node Controller will be connected from TX/RX pin by using RS232
converter, cable and null modem. OpenTracker USB will be the selected TNC. TNC
connects to VHF radio transmitter and Arduino. Data from Arduino is formatted into
AX.25 packet and modulated into audio signal which ready to be submitted. Those
hardware will be used on the field and on the other site (station), the same hardware
would be used but there will be no sensor and microcontroller will be changed to
computer. On the main station, TPlink MR3020 modem is modify and connect to
opentracker board (TNC) and VHF. Main station will be set up as IGATE Digipeater
which can connect to the internet for data sharing. The field station is powered up by
battery bank and will recharge during a day time by a solar panel. RTL-SDR is
added to the monitoring station which interface with AFSK 1200 Decoder and sound

modem card in the computer to heard and decode APRS packet data tone

15



3.8 Software& Application Tool

PLX-DAQ :Interpretation data of sensors connected to arduino and real-time data
sensor monitoring, produces simple spreadsheet interpretation &analysis of data
gathered in the field station.

Arduino IDE: To write and upload the programming codes for the arduino

microcontroller

Otwincfg (Opentracker windows configure): setup the open tracker setting and

configuration.

Openwrt: Setup the TPLINK modem for APRS IGATE main station. (web server

base)

L Tspice: To build a circuit based on simulation technique and analyzing the circuit

schematics.

UZ7HO Sound Modem:Software Packet-Radio TNC that uses a soundcard as a
modem and supports AX.25 protocol. The software Packet-Radio TNC uses
the AGW Packet Engine APl and emulates the AGW Packet Engine (TCP/IP

interface).

SDRsharp : Software defined radio based on radio transceiver that used with the
RTL-SDR USB dongle to monitor the signal wave data.

AFSK 1200 Decoder: software that used to decode APRS packet data received by
the RTL-SDR

16
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Water level sensor probe
& DHT11 sensor sense
the water level, humidity
and temperature to
arduino

!

All the sensor data will
appear at the lcd display
and transmit to the
opentracker via rx tx
serial pin

!

Opentracker get the GPS
nmea program data and
compiled with the arduino
data

The water level reach very high

condition NO

All the data will transmit
as packet via the VHF
transceiver at
144.390MHz channel

!

IGATE will receive the
packet and upload it to the
APRS server

y

Warning will appear at the
APRS.fi web server

Figure 13 Programming Flowchart

*Refer the appendix 1 for the whole program.
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Chapter 4: RESULT & DISCUSSION

4.1 Project Progress

+€VDC

GND Probe

FLOOD ALERT

FLOODING 15 POSSELE B¢ PREPARID.

@ P>

FIELD STATION/TRANSMITTER r -

Water level probe

low level

-

Water level
Dht1l1l transmit
sensors data to arduino

2 bits binary message are transmitted using 2

probe &M Arduino will show the sensor data
the g4 to Icd panel and transmit the serial
data to opentracker board.

—————— '-------------E
Transmission :
'r.'/« A [ ]
v \sSA N\ N [y
AU '
i ]
we| B0 VHF -
Solar Panel + Battery Bank I i i '
T i 1 RTL-SDR '
| ] USB DONGLE '
Opentracker i § | Opentracker '
Board + GPS 2 : T3MINI [] :
1 []
m 3 PC -
ARDUINO|| 3 [y § | TPUNK H
UNO |8 g ! | MODEM ’
=] g - | o
DHT 11 .
emoumid| MONITOR STATION
nsor
i /RECEIVER
Il
i
1 5
Ml Block Diagram

GPS location data &
callsign id is configured
by opentracker board

Opentracker will encode all the

different frequency pure audio tones: 1200Hz & ha serial data into audio tone (AFSK)
using AX.25 Protocol as packet.

2200Hz. 1200 baud, 144.390MHz APRS channel

The packet data will be
transmitted using handheld
tranceiver and receive the
packet by another handheld
tranceiver at monitoring field
station

The packet will decode back
to serial data by opentracker
& will be uploaded to APRS
server by tplink modem. The
data can be monitored at
aprs.fi website.

Figure 14 Model diagram sketch
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Overall, from week 1 until week 27, most of the subsystem has been integrated
which are the APRS field station, APRS I-Gate digipeater station (monitoring
station) and also the water level monitoring system. There are humidity and
temperature sensor added in the water level monitoring system. Thus the field station
will transmit the packet data that contain the water level reading, GPS location,
humidity percentage and the temperature value to the I-Gate monitoring station.
However those prototype still not tested for the maximum radio transmission

distance can be achieved. Prototype just been tested in the laboratory.

For the next progress activity, prototype will be fully assembled and tested on the
field such as at the river. The VHF handheld should handle the transmission range
around 3 to 5 miles. That will be varies due to surrounding condition, for instance the
field location near to hills or valley. The field station is powered by rechargeable
battery and will be charge automatically by solar panel during the day.

| R tflle =22

72| oPENTRACKER USB

—

i

HELLO WORLD !
LCD 16X 2
Uy

Figure 15 Schematics Diagram for Field Station
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OpenTracker-USB

; 9-socket  9-pin 9-socket
GRS Recelver D-connector  D-connector D-connector
4800 baud A A 1
RS232 out 2|l 2 GRN 2
RS232 in 3|l 3 WHT nc 3
+5 VDC 4 4 RED 4
Ground v, 5] 5 BLK w, 5
8
9-socket  9-pi 7
ARDUINO UNO pin L7
D-connector  D-connector ( )
9600 baud o~
+5 VDC RED 4| 4 RED —
Ground BLK p 515 BLK
RS232 out BLU 21| 2 GRN
TTL out GRN . 3|l 3

"Data"

Data In (A)
Data Out (A)
+5VDC
Ground
Data In (B)
Data Out (B)

OpenTracker USB
"Radio"

Audio out
PTT out
Audio in
Ground

12VDC power

Figure 16 GPS receiver and arduino to opentracker connection

— BLK

ground connector

Spkr
2.5mm plug (spkr)

9-pin 9-socket 9-pin i _TH-IFG
D-connector D-connector D-connector Sprrimic;plug
] N N Data in |
1 GRN 1 1 GRN =
3 RED 33 BLU
5 WHT 5 5 RED AF out 1200
Ground
6 BLK —4 6 || & —— clear
7
L+ Rep :l:| 12VDC  powerpole

Figure 17 Baofeng VHF transceiver and opentracker connection diagram
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4.1.1 Set up basic APRS station (field station)

Figure 18 Set up connection for APRS field station

APRS field was set up by doing the wire connection from VHF handheld transceiver
to Opentracker USB which have been configure through the program Otwincfg
(Opentracker windows configuration). GPS module also been used and connected to

opentracker USB. 23cm antenna is used and replaced the built in antenna.

Prcfie 1 | Profle 2| Fiimware Buid 56635

Callsign & 1200 Baud ¢ 300Baud Reparting Optians
[Mv&PRS WIDET1 WIDEZ1 [ Altemnate Paths I ki I~ a0
(A : . ¥ Course/Speed
Spmbol |House w| Table [f Code |- ¥ Time & DHM " HMS
. ¥ GPS Qualty
o © Quiet Time |16
Tem. Adjust ¥ Temperatwe [ F [ Ext
Teut [UTFVE Caling C @40 ¥ Vollage
In & Comment (* Staws Every |0 Transmissions IV Compressed
Transmission Control Iv Telemety every |1

TXEve |30 Sec Skip|0  ifheard Serial Ports

Profile Switching Baud Rate Mode
™ Use SmartBeaconing » (3w = m
¥ Use PTT Input Access List

I~ Enable timeslotting ~ Timeslot |0 Seript Editor B [4z00 - |Aute -

W Autobaud [T USBKISS [T NMEAPR/T

Position Wappoint Output
@ GPS " Fixed [ Save| | [~ Enable Load Fimware Fiom — File | ‘web
[ [3 =] Cheracters Fladic Interface
O T mm‘”””””““”

[~ Don't require GPS fix I~ LimtTo [0 Mies T Audio Level

Counter Power Control 165 T Delay [mSec)
™ Enable [” Enable

[ Don't transmitif supply < (000 Wolts
I™" Resst on Transmit ™ Active Low

[ Invert Camier Detect [~ Softwars DCD
debounce m3ec) | | |3 delay [seconds] [~ NoPTT outen PTTin [ Extemal Squelch

& Metic © Engish  CopyfomProfie2 | Savetofle | LoadfomFie [ wite | dut

Figure 19 Opentracker Configuration
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Figure 20 VHF transceiver is set at APRS channel 144.390MHz

LETTI® Y Lo, SRV PILE
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Village & F
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&

i~

it Al LI

ﬁ 9M2NOH-3 - center - zoom - info

2015-121707:02:58 - 20151217 071612
alt 52 m
Telemetry 2015-12-17 07:16:12: show t=lemstry

b A-

Ch1: 0 Rx Erlang, Ch 2: 0 Tx Erlang, Ch 3: 0 count/10m, Ch 4: 0 count/10m, Ch 5: 0 count/10m

00.0V 92F HDOPDOD.9 SATS08 UTP V5 Calling CQ @ V40
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Figure 21 Monitoring using aprs.fi website
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4.1.2 Set up basic APRS I-GATE System (monitoring
station)

Figure 22 Set up connection for APRS I-GATE

Tools:

A new TP-Link MR-3220 modem casing is opened and connect the rx and tx pin to
the Opentracker 3 mini (OT3 mini).

Y0 0 C 00 0000 ¢ s

(ARRR AR AR

B OPENTRACKER MINI
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LAN 5e CAT is used for ethernet connection from TP-link MR3020 to the computer
to setup the internet connection on the tplink server. PuTTY, (to telnet and ssh to the
box) is used to program tplink modem boatloader. OpenWrt Firmware need to
upload to the tplink modem for server ip address configuration.

Hardware Installation:

Ethernet cable is used to plug the WAN port of the MR3020 to one of the LAN port
on router. The other LAN port on the MR3020 is plugged to the computer. Network
configuration in WINSCP software must be set as DHCP. Connect the TPlink box
with power source via USB cable. From here, internet access can be check by

browsing the internet on the computer.

Firmware Change to OpenWrt — Web Method:

Figure 23 TP-Link web server configuration

Firmware need to be changed to the specified firmware for use the TPlink modem as
the APRS IGATE. After done the hardware installation, browse on page
192.168.0.254 on the web browser. Fill up the login and password id with "admin™.
Next, go to the system Tools Menu, then select the Firmware Upgrade. Browse and
find the downloaded factory. bin firmware in the web server browse column and
click on OK to upgrade. The firmware flashing process would take 5 minutes time
and advised to not disturb the process. The modem will auto-reboot at the end of the
process. Open the Putty software as command line is needed to configure the
modem. Type telnet to the command line at 192.168.2.2 & get the OpenWRT
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software banner. Type sysupgrade, to load the most recent firmware : cd/tmp and use
wget to download the sysupgrade.bin firmware.

[ Opentirt - . x \ o Google Map. X Y, w|Repeater -\ X ¥ G Atiand-bool X \ A|(2) ARRLVHI X ¥ G Google X

€ - C |[)192.168.2.2/cgi-bin/luci ) =

\®APRS|GM=< x Y [ TL-MR3020 F X ¥ G openwre-Ge X |\

OpenWwrt | OpenWwrt Attitude Adjustment 12.00 | Load: 0.00 0.01 0.05

Authorization Required

Please enter your username and password.

Password

DReset | @Login

Figure 24 Authentication Web Server

Install APRX:

Open the WInSCP software and set the SCP as the protocol. Insert the 192.168.2.2 as
the hostname and 22 as the port number. Key in the username ID and the password.
The new firmware should have the aprx module ready installed. Open the file
etc/aprx.conf and edit the program line. Fill in the callsign replace the parameter
"mycall” in the program. Fill in the server program line with the appropriate APRS-
IS server line, for instances , GPS altitude location callsign passcode, comment and

the status.

s Remote Help

i P B
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Transter Settings Defsult
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DesignSoft File folder initd 271272014
Downloads Fie folder modules.d 24372013
Games for Windows Fie folder modules-boct.d 24272013
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k1 XE DO B E bcodng @ @
# 4) <beacon> “¥ zero to many
# 5) <telemetry> ** zero to many
# 6
#
#

<digipeater> ** zero to many (at most one for each Tx)

# Global macro for simplified callsign definition:
# Usable for 99+% of cases.
#

The aprsis _login parameter:
Station callsignSSID used for relaying APRS Trames 1nto APRS-IS.
use this only to define other callsign for APRS\-I5 login.

# some APRS-IS servers tell every about 20 seconds to all_contact
# ports that (he¥ are there and alive. others are just silent.
# Default value 1s 3*"heartbeat™ + some --> 120 (Seconds)

L4
#heartbeat-timeout 0 # Disabler of heartbeat timeout

APRS-IS server may support some filter commands.
see: htrp://www.aprs-is.net/javaPrsrilter.aspx

You can define the filter as single long quoted string, or as
many short segments with explaining comments following them.

TEE RS

Usabili of these fi'ltgrs fol a Tx iGate is dubious
P =t eume i fee e o sawn sa s draee m

Column: 330

[~
3
]
&
2

Figure 25 WinSCP configuration for APRX

Connect modem to internet:

€ - C [O192

OpenlWirt | OpenWrt Attitude Adjustment 12.09 | Load: 0.00 0.01 0.05 | Auto Refresh: Changes: 0

.2/cgi-bin/luci/;stok=159f5ffe13a29b67799e6c704c881976/ad

Interfaces | Wifi DHCP and DNS _ Hostnames _ Static Routes  Firewall Diagnostics

Interfaces

Interface Overview

Network Status Actions

ptime: 5h 27m 255
40 MAC-Address: E8:DE:27:74:88:30

o () RX: 9.20 MB (71925 Pkts.) # Comnect @  Stop (i) Edit %] Delete
brlan TX: 88.73 MB (39190 Pks.)
2.168.2.2/24
Uptime: 5h 27m 185
L wWwaN MAC-Address: E5iDE2774:88:30
RX: 81.95 MB (77448 Pkts.) # Comnect @  Stop 4 Edit %] Delete

o1
Client "Connectify-Haydm" TX: 7.81 MB (47661 Pkts.)
IPv4: 182.168.178.107/24

FIAdd new interface.

Figure 26 Connect modem to internet connection

Monitor using aprs.fi website:

=]
0 9IM2NOH-4 - center - zoom - info X
2015-12-16 15:54:37 - 2015-12-17 08:27:24
Telemetry 2015-12-17 08:38:34: =
Avg 10m: 0 Rx Erlang, Avg 10m: 0.001 Tx Erlang, RxPkts: 0 count/10m, |GateDropRx: 0 count/10m, TxPkts: 0 count/10m
TPLINK/APRX/SERIISKANDAR/BAOFENG

[APRX28 via Tt

relamatry

being tracked - =
S \/

Jalan Bakt 109M2NDH—4 Jalan Bakti 1 Jalan Bat

Figure 27 Monitor I-Gate using aprs.fi
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4.1.3 Set Up Water Level Monitoring System

Figure 28 Replace the water level sensor with binary switch for testing purpose.
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E==S NN
Verylow 0 0 0 0
Low 1 0 0 0
Moderate 1 1 0 0
High & & i #
Veryhigh 1 1 1 1

Table 5 Water level binary data

+

power jack + —Og
[
AN —e b

16 x 2 LCD MODULE JHD 1824

10K
POT

Vss Vec VEE RS RW E DBO DB1 DBZ DB3 DB4 DBS DBS DB7 LED+ LED-

TITTI T T I

R1
580 chm

o [

—~7
100 ohm v

External

R4
g
104 " 560 chm

+5V
12 L o rduing %
3]47 I TE E i\é Ard unNo LEDT

A4 5 Power ON E

% % % ? - o
Water level controller using arduino

Figure 29 Water Level monitoring schematic

Water level conductance probe can be design based on the water’s physical
characteristic of weak electrical conductivity. In fact the water level probe was made
up of a metal pin and a wire. One end of the wire was tied with the GND of the main

circuit board; the other end was submerged into the water.

For the test purpose, binary switch has been used to act as conductance probe. The
functional process will be the same as the probe. When the switch is on, the
resistance reading will be increased. Hence 4 bit switch can be used to generate

different level of resistance which will show the level of water itself. From the
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picture, LCD screen used to monitor the level of water when binary switch is turning

on in ascending order.

From the schematic circuit design, the metal pin was a stainless needle which was
fixed on the sliding rule of the optical scale via a measuring rod to form a probe
assembly. When the probe (stainless needle) touched the water surface, the resistance
between the probe (stainless needle) and the GND (wire) was between a few hundred
KQ to few MQ; when the probe separated from the water surface, the resistance
between the probe and GND was open. Therefore the water surface could be detected
according to the value of the resistance.
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4.2 Result & Data

Figure 31 Selected Catchment Area
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Figure 32 Set up the prototype at the river side

Time WATER LEVEL HUMIDITY-percent TEMPERATURE GPS location
23:07:16 VERY LOW 61 32 4°22.97' N 100°58.07'E
23:07:17 VERY LOW 61 32 4°22.97' N 100°58.07' E
23:07:18 VERY LOW 62 32 4°22.97' N 100°58.07' E
23:07:19 VERY LOW 62 32 4°22.97' N 100°58.07' E
23:07:20 VERY LOW 61 32 4°22.97' N 100°58.07' E
23:07:21 VERY LOW 61 32 4°22.97' N 100°58.07' E
23:07:23 VERY LOW 62 32 4°22.97' N 100°58.07' E
23:07:24 VERY LOW 62 32 4°22.97' N 100°58.07' E
23:07:25 VERY LOW 62 32 4°22.97' N 100°58.07' E
23:07:26 LOW 62 32 4°22.97' N 100°58.07' E
23:07:27 LOW 62 32 4°22.97' N 100°58.07' E
23:07:28 LOwW 62 32 4°22.97' N 100°58.07' E
23:07:29 LOW 61 32 4°22.97' N 100°58.07' E
23:07:30 LOwW 61 32 4°22.97' N 100°58.07' E
23:07:32 LOW 62 32 4°22.97' N 100°58.07' E
23:07:33 LOW 62 32 4°22.97' N 100°58.07' E
23:07:34 MODERATE 62 32 4°22.97' N 100°58.07' E
23:07:35 MODERATE 62 32 4°22.97' N 100°58.07' E
23:07:36 MODERATE 62 32 4°22.97' N 100°58.07' E
23:07:37 MODERATE 62 32 4°22.97' N 100°58.07' E
23:07:39 MODERATE 61 32 4°22.97' N 100°58.07' E
23:07:40 MODERATE 61 32 4°22.97' N 100°58.07' E
23:07:41 MODERATE 61 32 4°22.97' N 100°58.07' E
23:07:42 MODERATE 61 32 4°22.97' N 100°58.07' E
23:07:43 HIGH 62 32 4°22.97' N 100°58.07' E
23:07:44 HIGH 62 32 4°22.97' N 100°58.07' E
23:07:46 HIGH 61 32 4°22.97' N 100°58.07' E
23:07:47 HIGH 61 32 4°22.97' N 100°58.07' E
23:07:48 HIGH 61 32 4°22.97' N 100°58.07' E
23:07:49 HIGH 61 32 4°22.97' N 100°58.07' E
23:07:50 HIGH 61 32 4°22.97' N 100°58.07' E
23:07:51 HIGH 61 32 4°22.97' N 100°58.07' E
23:07:52 VERY HIGH 61 32 4°22.97' N 100°58.07' E
23:07:54 VERY HIGH 61 32 4°22.97' N 100°58.07' E
23:07:55 VERY HIGH 61 32 4°22.97' N 100°58.07' E
23:07:56 VERY HIGH 61 32 4°22.97' N 100°58.07' E
23:07:57 VERY HIGH 61 32 4°22.97' N 100°58.07' E
23:07:58 VERY HIGH 61 32 4°22.97' N 100°58.07' E
23:07:59 VERY HIGH 61 32 4°22.97' N 100°58.07' E

Table 6 Field data
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The prototype has been tested at the catchment area and showing the good result.

The data has been extract by using PLX-DAQ data acquisition software. The water

level sensor is running very well and the humidity and temperature sensor also
provide the correct data. Data is recorded for every 1 second. The prototype is ready
to be tested on the field for ensuring the prototype can detect flood well and

analysing how the prototype sustain the surrounding condition. For the next activity,

the maximum distance of the transmission data that prototype can handle will be

recorded and plotted.
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Figure 33 Monitor the warning status at APRS.Fl using internet browser
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Figure 34 The transmission distance is about 1km
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LCD D};nlav By

Figure 35 APRS Flood monitoring Prototype

From the figure above, the rechargeable battery 5000mAH capacity is used to power
up the arduino and opentracker. Solar panel is used to charge the battery during the
day time with the maximum rating of 6V 0.5A. The RS232 cable is modified from
single input cable to two input cable which label as port A and port B. Port A (4800
baud) is use to send a GPS location data to opentracker and port B (9600 baud) is
used to send water level, humidity and temperature data. Then, the opentracker will

encode data received into packet tones APRS format (AX.25 protocol) by audio
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frequency shift keying (AFSK). Then APRS data will be transmitted using 2 meter
VHF handheld transceiver via APRS channel 144.390Hz.

The data will be received by another nearby APRS station for instance 1-Gate station
and digipeater/repeater station. In this project also, the I-Gate has been set up to
receive the flood monitoring station data. The I-Gate is equipped with modem router
which integrated with opentracker, VHF handheld transceiver and laptop. When the
transceiver received the APRS data, opentracker will decoded the data back from the
packet tones to the internet APRS web based. From here, all the telemetry data can

be monitored.

Figure 36 Water Level Probe sensor
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Figure 37 Heard and decode packet data transmit from field station

USB DVB dongle is normally used to stream DVB-T TV broadcast on computer.
This device is based on REALTEK RTL2832U which can be used as a cheap SDR ,
since the board allows transferring the raw 1/Q samples to the host which is
ordinarily used for DAB/DAB+/FM demodulation. It can be converted into software
defined radio SDR device by flashing the new firmware and library to used as SDR.
This device can be control using SDRsharp software. From here we need to
configure the APRS frequency channel, the offset tuning, RF gain, audio noise
reduction, bandwidth, squelch and IF filter. When the SDR can heard APRS packet
data, the signal can be decoded by using AFSK 1200 decoder which use sound
modem card in the computer to decoded the signal.

The AX.25 Frame All APRS transmissions use AX.25 Ul-frames, with 9 fields of data:

AX.25 UI-FRAME FORMAT

i g Digipeater Control
Destination Source y Protocol
Flag Address Address Addresses Field D INFORMATION FIELD | FCS | Flag
(0-8) (un
Bytes: 1 7 7 0-56 1 1 1-256 2 1

Figure 38 AX.25 protocol
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whatever Flag Flag

1111111011111100111111001011001

1200Hz 2200Hz

Figure 39 Example of first few bits on APRS Packet

AFSK1200 Decoder

Irput{Stereo Mix DT HighDefiton | | | el &

15:43:01$ fm 9W2LYR-2 to APOTUO-0 via WIDEL-1,WIDE2-1 Ul PID=F0
>Water level s VERY HIGH. WARNING

15:44:02% fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=F0
10422.94N/10058.10E_22C -1C

15:44:49¢ fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0
>Water level is VERY HIGH. WARNING

15:44:49$ fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=FO
10422.94N/10058.10E_22C

15:45:02% fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=F0
>Water level is VERY HIGH. WARNING

15:45:02$ fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0
10422.94N/10058.10E_22C

15:45:06$ fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0
>Water level is VERY HIGH. WARNING

15:45:06$ fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=F0
10422.94N/10058.10E_22C

15:45:49 fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=FO
>Water level is VERY HIGH. WARNING

15:45:50$ fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0
10422.94N/10058.10E_22C

VEO:144.390MHz
Peak:19.6dBFS
Floor:-28.8dBFS
SNR:48.5dB

IF Spectrum

Decoder running

Figure 40 Packet data is heard and decoded by AFSK 1200 decoder

J 144.390.000 m

bW 48 PM

AFSK 1200 Decoder showing the packet data heard by the RTL-SDR USB dongle.

The packet data contain the sender's and recipient's callsign, GPS location,

temperature reading and also the water level warning status.

Originating callsign: |9W2LYR-2 Search | |Clear Show:[S0 v |Normal v

Found 19 packets. 37 seconds between packets on average during 704 seconds. Lookup took 0.075 seconds.

Raw APRS-IS packets are stored for 2 days. Unsupported and unparseable packets are shown in red. Some formats are unsupported at the moment. AIS data is not shown here, It is possible

to search using wildcards (*?) after a prefix.

2016-04-18 15:36:48 MYT: 9W2LYR-2>APOTUO,WIDE1-
2016-04-18 15:37:13 MYT: 9W2LYR-2>APOTUO,
2016-04-18 15:37:37 MYT: 9W2LYR-2>APOTUO,
2016-04-18 15:37:38 MYT: 9W2LYR-2>APOTUO,
2016-04-18 15:37:55 MYT: 9W2LYR-2>APOTUO,WIDE1-!
2016-04-18 15:39:05 MYT: 9W2LYR-2>APOTUO,WIDE1-1,WIDE2-1,0AR,
2016-04-18 15:40:05 MYT: 9W2LYR-2>APOTUO,WIDE1-1,WIDE2-1,gAR,9W2LYR-4:10422.94N/10058.10E_22C -1C
2016-04-18 15:41:05 MYT: 9W2LYR-2>APOTUO, WIDE1-1,WIDE2-1,GAR,9W2LYR-4:10422,94N/10058,10E_22C -1C
2016-04-18 15:42:05 MYT: 9W2LYR-2>APOTUO,WIDE1-1,WIDE2-1,0AR,9W2LYR-4:10422.94N/10058.10E_22C -1C
2016-04-18 15:43:05 MYT: 9W2LYR-2>APOTUO,WIDE1-: QAR,9W2LYR-4:10422.94N/10058.10E_22C -1C
2016-04-18 15:44:06 MYT: 9W2LYR-2>APOTUD, 1,0AR,9W2LYR-4:10422.94N/10058.10E_22C -1C
2016-04-18 15:44:53 MYT: 9W2LYR-2>APOTUO,WIDE1-1,WIDE2-1,gAR,9W2LYR-4:10422.94N/10058.10E_22C
2016-04-18 15:45:10 MYT: 9W2LYR-2>APOTUO,WIDE1-! :>Water level is VERY HIGH. WARNING
2016-04-18 15:45:54 MYT: 9W2LYR-2>APOTUO,WIDE1-1,W! :10422.94N/10058.10E_22C
2016-04-18 15:46:54 MYT: 9W2LYR-2>APOTUO,WIDE1- :110422.94N/10058.10E_22C -1C
2016-04-18 15: 2 MYT: 9W2LYR-2>APOTUO,WIDE1-1,WIDE2-1,gAR, -4:104. 4N/10058.10E_22C
2016-04-18 15:47:40 MYT: 9W2LYR-2>APOTUO,WIDE1- :10422.94N/10058.10E_23C
2016-04-18 15:48:29 MYT: 9W2LYR-2>APOTUO,WIDE1-! >Water level is VERY HIGH. WARNING
2016-04-18 15:48:32 MYT: 9W2LYR-2>APOTUO,WIDE1-1,WIDE2-1,gAR,9W2LYR-4:10422.94N/10058.10E_22C

VIDE2-1,GAR,9W2LYR-4:10422.94N/10058.10E_22C -1C
10422.94N/10058.10E_22C

>Water level is VERY HIGH. WARNING
10422.94N/10058.10E_21C
:110422.94N/10058.10E_22C

2LY 10422.94N/10058.10E_22C -1C

FAQ - Blog - Discussion group - Linking to aprs.fi - AIS sites - Service status - Database statistics - Advertising on aprs.fi - Technical details - API - Change log - Planned changes - Credits and thanks - Terms Of Service - iPhone/iPad
APRS

Figure 41 Raw Packet Data from the aprs.fi web server
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>Water level is VERY HIGH. WARNING

10422.94N/10058.10E_22C

15:45:49% fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0

15:45:50% fm 9W2LYR-2 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0

Figure 42 Packet data decoded by the AFSK1200 DECODER

Sender callsign
Recipient callsign Hop repeater destination

» 107 bytes /

2016-04-18 15:56:42 MYT SW2LYBE-

axeafe W2 LY R - 2]> AP

Tue,WIDE1-1,WIDE2-1|,

3957324c595220323e415¢41545530205740444531 2431 2c574594445322d31 2

px20 g AR ,JowaLvr-4a]: {0422 . 9an,10058.10E|

7141522c3957324c59522d343a21383432322239344.2F31303035382:313045
awa_lzzcl -1¢C JWater lewel is VERY HI
5.

axedfla\i . WARNIMNG .
47A322205741524e404:47 Warning Status

[32324320202d3143285761746572206c65766560206973205645525028484

GPS Location

Temperature Reading

Figure 43 Hex code of packet data

Hexadecimal data Text data
3957324¢59522d323e41504f5455302¢57494445312d312c57494445322d312¢c | SW2LYR-
2>APOTUO,WIDE
1-1,WIDE2-1,
7141522¢3957324¢59522d343a21303432322e39344e2f31303035382e313045 gAR,9W2LYR-

4:10422.94N/100
58.10E

5f323243205761746572206c6576656c206973205645525920484947482e20574
1524e494e47

_22C Water level
is VERY HIGH.
WARNING

Table 7 Convert Hex data to text

Packet is received as 4 frames of data (0x00, 0x20, 0x40, 0x60) which consist of the

callsign of recipient and sender, hop repeater destination, GPS location, temperature

reading and the water level warning status.
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Chapter 5: CONCLUSION &
RECOMMENDATION

FLOOD ALERT

FLOODING IS POSSIBLE. BE PREPARED.

Flood monitoring old system. Flood monitoring new system

In Malaysia, flood disaster is responsible for the loss of precious lives and
destruction of large amounts of property. A lot of effort and control are required to
be put in developing systems which help to minimize the damage through quick
information broadcasting. A complete real-time flood monitoring system has been
designed and Implemented in this paper which uses wireless sensor network to
monitor water conditions: water level. The developed monitoring system presents
useful characteristics as large network capacity, sensor hardware compatibility, long-

range communication, and minor impact on the natural environment.

The software and the hardware are researched and developed independently. They
can not only tremendously ensure a stable, expansible and reliable system, but also

reduce the cost expenses.

Flood monitoring using Amateur Packet Radio System on VHF, provides low power
serial formatted data packet frames AX.25 radio transmission and equipped with
reliable touch/conductance sensor and infrared sensor. This complete system will do
self-monitoring for adjusting measurement action for utilization arrangement and to

capture events of interest. The water level and amount of precipitation could be
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monitored to provide real-time feedback for advanced warning system and
prediction.

For FYP1, APRS field station, main station and basic water level monitoring system
has been set up. For FYP 2 the integration and interfacing for each subsystem to a
complete system is been set up. Water level monitoring system is combined with
APRS field station.

Based on the result of the project, the flood monitoring system is succeed to be
implemented and is working fine. The modified water level probe is very reliable to
monitor the water level and the flood warning packet data is succeed to be
transmitted to monitoring station in 1km distance. Furthermore, field station can
transmitted the packet data to the Cameron highland digipeater in around 50km
distance. Thus, it show that this project is very useful to give a early warning to a
local authorities and resident to prepare and evacuate which will give an advance in
term of time and money and also can prevent from the death and losses due to early

preparation.
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Appendix 1

APPENDICES

#include

"BHT:..k™

#define DHTPIN 3

#define DHTTYPE DHT11 // DHT 11

#include <LiquidCrystal.h>

int sump=A0;

int qut=Al;

int hlf=A2;

int thf=A3;

int ful=A4;

inkt s

int qg;

int h;

THE €3

int £;

int v=100; //comparison variable (needs some adjustment)
int counter = 1;
LiquidCrystal lcd (12, 11,
DHT dht (DHTPIN, DHTTYPE) ;
int d=2;

7, 6, 5, 4);

void setup ()

{
pinMode (qut, INPUT) ;
pinMode (h1lf, INPUT) ;
pinMode (qut, INPUT) ;
pinMode (ful, INPUT) ;
pinMode (sump, INPUT) ;
lcd.begin (16, 2);
dht.begin () ;
Serial.begin (4800);
pinMode (2, INPUT) ;
pinMode (A5, OUTPUT) ;
}

//OPEN SERIAL LINE AT 4800

void loop ()

{
g=analogRead (qut) ;
h=analogRead (hlf) ;
t=analogRead (thf) ;
f=analogRead (ful) ;

float y = dht.readHumidity() ;
float r = dht.readTemperature();
d=digitalRead(2);

y=y+10;

if (isnan(t) || isnan(h))

{

Serial.println("Failed to read from DHT") ;
}
else

{

lcd.setCursor(0,2);
led . prank ("Ha") s
led print(y) s
led.peint ("8"):
led.peint ("T:™) ;
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Appendix 1 continue...

lcd.print(r);
led . pEintla ("e") ;

//Serial.print ("HUMID: ");
//Serial.print(y);
//Serial.print ("™ %");

// Serial.print ("TEMP: ");

//Serial.print(r);
//Serial..println (" *Cc");
//delay (500) ;

}

if(f>v && t>v && h>v && g>v || d==0 )
{

lcd.setCursor(0,0);

led.print (ehae(219) ) 3

Led. print (ehar (219) ) ;
led.print (chax (219) ) ;

led.prink (char(219)) ;
lcd.setCursor(5,0);

led.print("VERY HIGH") ;
digitalWrite (A5, LOW) ;

Serial.print("!>0422.97N/10058.07E") ;

Serial.

Serial
Serial
Serial

(

(
.print(
.print (y
sprint ("
Serial. o
Serial. (:*
Serial.

print

print (r
print
print (d

n ll) ;

A LF

),

)i
#");
)2

//Serial.print (counter) ;
ATE VALUE OF count TO OUTPUT...
Serial .print ("\e\nY) 3

CR/LF TO COMPLETE AND TRANSMIT PACKET.

counter++;
delay(3000) ;

}

else

{

if(f>v && t>v && h>v && g>v && d==0 )

{
lcd.setCursor(0,0);

lcéd:pEint (¢ha® (219)

lcd.print (char (219)
led.print (char (219)
led.setCutrsor (5, 0) ;

)
led.print (char (219));

)

)

’
r
’

7

led.print ("VERY HIGH");

digitalWrite (A5, LOW) ;

Serial.print
Serial.print (" _
Serial.print (",

Serial.print y),

nw gn )

(
(
(ll
(

I3

"1>0422.97N/10058.07E") ;

// ...CONCATEN

Lt ...SEND

//30,000ms = 30sec
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Appendix 1 continue...

" vv)’,

Serial.print (",
Serial.print(r):;
Serial.print ("#");

Serial.print(d);

//Serial.print (counter) ;

ATE VALUE OF count TO OUTPUT...
Serial.print ("\r\n"):;

CR/LF TO COMPLETE AND TRANSMIT PACKET.
counter++;

delay(3000) ;

}

else

{

if(f<v && t>v && h>v && g>v || d==0 )
{

lcd.setCursor(0,0);
led.print (chaxr (219)):
led: print (char(219));
lcd.print (chat(219));

led.print("_");
lecd.setCursor(5,0);
led.print ("HIGH )

digitalWrite (A5,HIGH) ;

Serial.print ("!>0422.97N/10058.07E") ;
YET:. .0

Serial.print ("_4");
Serial.print(",");

Serial.print(y);

Serial.print(

Serial.print (

Serial.print ("#");

//Serial.print (counter) ;

ATE VALUE OF count TO OUTPUT...

Serial .print ("\r\a")

CR/LF TO COMPLETE AND TRANSMIT PACKET.
counter++;

delay(3000) ;

}

else

{

if(f<v && t<v && h>v && g>v || d==0 )
{
lcd.setCursor(0,0) ;
led.prink (char(219) ) ;
led.print (ehar(219)):
led.print (" ") ;
led.printE (" ™);
lcd.setCursor(5,0);
led.print ("MODERATE ") ;
digitalWrite (A5,HIGH) ;

Serial.print("!>0422.97N/10058.07E") ;
YET .. s

Serial.print (" _3");

Serial .print (", ") ;

Serial.print(y);

// ...CONCATEN

L ...SEND

//30,000ms = 30sec

//BEGIN MESSAGE BUT DON'T SEND

// ...CONCATEN

Vi ...SEND

//30,000ms = 30sec

//BEGIN MESSAGE BUT DON'T SEND
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Appendix 1 continue...

Serial.print(",");

Serial.print(r);

Serial.print("H#");

//Serial.print (counter) ;

ATE VALUE OF count TO OUTPUT...
Serial.print.("\e\an") ;

CR/LF TO COMPLETE AND TRANSMIT PACKET.
counter++;

delay(3000) ;

}

else

if(f<v && t<v && h<v && g>v || d==0 )
{

lcd.setCursor(0,0);

lcd.print (char(219)):;

ledaprinkt (™ ") 7
led.peint (™ ");
led.peint (" %) ¢
lcd.setCursgr(S,O);
lcd.print ("LOW "y e

digitalWrite (A5,HIGH) ;

Serial.print("!>0422.97N/10058.07E") ;
YET sion

Serial.print (" 2");
Serial.print("j");

Serial.print(y);

Serzal.prEant (",");

Serial.print(r);

Serial .print{("H#") ;

//Serial.print (counter) ;

ATE VALUE OF count TO OUTPUT...
Serial .print (“\x\n");

CR/LF TO COMPLETE AND TRANSMIT PACKET.
counter++;

delay (3000) ;

}

else

{
if(f<v && t<v && h<v && g<v || d==0 )

{
lcd.setCursor(0,0);

led.print(™ ");
led.print (" _");
led.print (" _");
led.print (" _");

lcd.setCursor(5,0);
lcd.print ("VERY LOW ") ;

// ...CONCATEN

// ...SEND

//30,000ms = 30sec

//BEGIN MESSAGE BUT DON'T SEND

// ...CONCATEN

LA ...SEND

//30,000ms = 30sec

//Serial.println ("WATER LEVEL IS VERY LOW");

//Serial.print ("DATA,TIME,");
digitalWrite (A5,HIGH) ;

/ I'Sexrial cprint (" 1")
//Serial.print (", ")
//Serial.print(y);
//8exrial .print(",");
//Serial.println(r);
//delay (1000) ;

’
r

44




Appendix 1 continue...

Serial.print("!>0422.97N/10058.07E") ; //BEGIN MESSAGE BUT DON'T SEND
YET o« s
Serial.print (" 1");
Serial.print(",");
Serial.print(y):
Serial.print(",");
(

Serial.print(r);
Serial.print ("#");

//Serial.print (counter) ; // ...CONCATEN
ATE VALUE OF count TO OUTPUT...

Serial print ("\NER") Ll .. .SEND
CR/LF TO COMPLETE AND TRANSMIT PACKET.

counter++;

delay(3000) ; //30,000ms = 30sec

}

else

{
l.ed.setCurser(0,.0) ;

(
led.pragk (™ "™);
led.peiat (™ ™)§
led.print (" ™):
led.pEint (™ ™);
led.setCursor (5,0) :
lcd.print ("ERROR! W

digitalWrite (A5,HIGH) ;

Serial.print ("!>0422.97N/10058.07E") ; //BEGIN MESSAGE BUT DON'T SEND
YET . o »
Serial.print (" _E");
Serial .print (", ")
Serial.print(y):;
Serial .print (™, ")
Serial.print(r);
Serial.print ("#");

//Serial.print (counter) ; // ...CONCATEN
ATE VALUE OF count TO OUTPUT...

Serial .print("\x\a"); // s« « SEND
CR/LF TO COMPLETE AND TRANSMIT PACKET.

counter++;

delay(3000) ; //30,000ms = 30sec

}
1}
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Appendix 1 continue...

#if 1
__asm volatile ("nop");
#endif

#ifndef _CONFIGURATION_ INCLUDED
#define _CONFIGURATION_ INCLUDED
#include "config.h"

#endif

// GPS libraries

// Choose between GPS and BD
//#include <TinyGPS++BD.h>
#include <TinyGPS++.h>
TinyGPSPlus gps;

// The packet decoding libs
#include <MicroAPRS.h>

MicroAPRS microaprs = MicroAPRS (&Serial);
// APRS Buffers

#define BUFLEN (260) //original 260

char packet[BUFLEN] ;

int buflen = 0;

bool showmsg, showstation;

float latitude = 0.0;

float longitude = 0.0;

float wayPointLatitude, wayPointLongitude;
float latitudeRadians, wayPointLatitudeRadians,
wayPointLongitudeRadians;

float distanceToWaypoint, bearing, deltalatitudeRadians,

deltalongitudeRadians;
const float pi = 3.14159265;
const int radiusOfEarth = 6371; // in km

// Turn on/off debug, on by default on pin 2,3
#undef DEBUG

// Varables for Packet Decode
const unsigned int MAX INPUT = 103;
static unsigned int packetDecoded = 0;

char *lastCall="";
String rxCallsign="";
unsigned int rxStation;

unsigned int mCounter = 0;
unsigned int txCounter = 0;
unsigned long txTimer = 0;
#ifdef I2C1l6X2

bool packetDisplay = 0;
unsigned long displayTime = 0;
#endif

unsigned long lastTx = 0;
unsigned long lastRx = 0;

unsigned long txInterval = 80000L; // Initial 80 secs internal

int lastCourse 0;
byte lastSpeed = 0;

longitudeRadians,
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Appendix 1 continue...

byte buttonPressed = 0;

// Unused
//static unsigned int Hd,Ti,Di,Bn = 0;

int previousHeading, currentHeading = 0;

// Initial lat/lng pos, change to your base station coordnates
float lastTxLat = HOME LAT;

float lastTxLng HOME LON;

float lastTxdistance, homeDistance, base = 0.0;

// Used in the future for sending messages, commands to the tracker
const unsigned int MAX DEBUG_INPUT = 30;
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