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ABSTRACT 
 

In this paper, we issue an imperativeness of construction of a Flash Flood Warning 
System for Vietnam. Also, we study the most natural features of flash floods in 
order to construct an appropriate system to forecast them before they happen. As a 
result, we have constructed a theoretical model for the system. In this paper we are 
not ambitious to solve all relative problems but we would like to introduce the 
backbone of the system and prove its feasibility 

 
1. INTRODUCTION  
In recent years, climate evolution has become  more and more unusual. Many places in the world 
have suffered terrible natural disasters. As we have known, if natural disasters are forecasted 
before they happen, then the damage is reduced a lot. Otherwise, they result in terrible loss. 
Hence, the most important thing for us to do is to look for a good method to forecast them before 
they happen. Then we will know how to avoid them. Although, in Vietnam, we are capable of 
forecasting and warning some kinds of disaster, some of them could not be forecasted or warned 
because of their natural features. And flash flood is one example. The nearest evidences are that 
the flash flood  occurred from August 2, 2003 to August 4, 2003 in CuMga and Buon Don 
districts in Dak Lac province has made 7 people missing their life, hundreds houses sink in water, 
two bridges of Iadin and Iakhiet were collapsed, and so forth. According to the initial evaluation 
the damage in CuMaga is up to 12 billions VND while the one in Buon Don has not evaluated, 
yet. Going back to the past, in 2002, the damage of the flash flood caused in Binh Duong, Dak 
Lac, Nghe An, Ha Tinh, Gia Lai, Tuyen Quang, Bac Can, Lao Cai, Son La, Yen Bai, Thai 
Nguyen, Lang Son, Lam Dong, Lai Chau, was up to 30 billions VND, and the number of dead 
and missing people was up to 137, and the number of injured people was 164. In 2001, there were 
12 flash floods that occurred on rivers and springs of some provinces such as Ha Giang, Lao Cai, 
Hoa Binh, Cao Bang, Quang Ninh, Tuyen Quang, Thai Nguyen, Vinh Phuc, Phu Tho, Bac Ninh, 
Binh Phuoc. Those flash floods killed 45 people, and made 15 people injured. The total material 
damage was up to VN hundred billions [9].  
According to the flash flood synthetic evaluation of many recent years, in Vietnam, averagely,  
there are  from 6 to 8 flash floods happening in the annual flood season. As from 1990 to now, 
there have been 200 flash floods occurred in the Vietnam mountain areas had resulted in a serious 
damage to people and property. According to the initial statistics of the Hydrometeorology 
Department, those flash flood had killed 12,930 people, injured 6,648 other people. 
 However, flash flood damage would be reduced if we could predict approximately when a flash 
flood will occur.  
 
2. FLASH FLOOD  
It is known that flash floods are extremely dangerous; its ravage is very terrible.  It   occurs so 
suddenly and without any sign that nobody know how to avoid them. Flash floods usually occur 
during a short time and its velocity is very high. While occurring storms or big rains, water is 
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focused into ravines so fast that the velocity of flood rises very high. 
Hence, everything located on the trip of flood is either destroyed or swept away by strong water 
flow. Sometimes, flash floods from higher section still come along with mud and stones of eroded 
ground. Therefore, in lower section, both houses and vehicles as well as trees even people are 
covered in mud and stone layers. Figure 1 can describe approximately a flash flood [6]. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Evolution of a Flash flood 
   

3. DESCRIPTION OF THE SYSTEM 
From our knowledge about the main features of flash floods, we ourselves have constructed an 
ideal for the system that is described as the following. The Flash Flood Warning System consists 
of a central processing station (CPS) located in Hanoi and some automatic remote measurement 
stations (ARMS) located on the springs or rivers leading to the villages in mountain and forest 
areas, away from the villages about from 5 to 20 kilometers even further. The larger distance 
between ARMS and the villages is, the more time people have for avoiding flood. If a flash flood 
passes through  a ARMS, this ARMS will measure the velocity of flow and the height of water  
surface and send this data to the CPS, CPS in turn processes the data and discovers the rapid 
increment of velocity and height of water surface. It will inform villages where the flash flood 
will transfer through in some coming hours. In addition, CPS uses this data to draw a Predictive 
Graph or correct the one built before. By looking at these, hydrographers can know where will be 
at risk and how damage to that area will be, with warning information’s tolerance that depends on 
the distance between the ARMS and areas that need to be warned. In order to make the warning 
result closer to the real status of flood, some other measurement stations can be located along the 
same river at various suitable sections. Then, their data is sent in Time Division Multiple Access 
(TDMA) method in satellite communication to the base station for correcting Predict Graph. 
Therefore, the more a flood approaches to some area the higher degree of reliability is.  
 
Function of the system 
1. To discover where flash flood are going to occur  
2. To discover when flash flood are going to occur  
3. To discover many places where flash flood are going to transfer 
4. To inform villages how long it takes a flash flood to go from ARMS to there. 
However, to deploy this system we have to pay attention to the following areas. 
* Construction of successful automatic measurement units in condition that flash flood is 
occurring as well as in regular condition. 
* Construction of data communication network between ARMSs and CPS   
. Selection of an optimal method for the actual condition of Vietnam and satellite 
communication is most suitable. 
. Calculation of communication link via satellite to select suitable communication devices 
and estimate of feasibility.  
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* Construction of energy supply units for remote measurement stations. 
* Construction of a special software for ARMS including modules such as probes controlling 
module, data collection module, network protocol module.       
* Construction of a special software for CPS including modules such as network protocol 
module, module issues data processing result and warning information.  
 
4. CONSTRUCTION OF AUTOMATIC REMOTE MEASUREMENT STATION  
ARMSs play a very important role in the  whole system. They automatically and continuously   
collect the figures of both flow and water level as well as rainfall, then transforms these into data 
and send to CPS in TDMA technique of communication satellite. In order to do this, each AMPS 
needs to consist of the following devices. 
* Velocity gauge    
* Ultrasonic sensor used for measuring distance between two objects 
* Rain Gauge 
* A center processing unit (CPU)  
CPU controls probes and sensor to ensure that they work according to given rules such as data 
exchange speed, sample speed. Otherwise, it still communicates with CPS.  
 
4.1. Distance measurement device 
   There are many ways to measure the distance between two objects, however, in this system, we 
use a HE660 along with a ultrasonic sensor to measure the height of water surface because of 
their programmability. HE660 is one of products of Hexamite company.   
 

   
 

Fig.2a Block Diagram of HE660 Fig.2b Application for measuring 
the  height of a truck 

 
This device consists of three following parts. 
1. HE660: Generates a signal, the frequency of which is in the range of ultrasonic, to sensor and 
receives the reflected signal from sensor via a cable. In addition, HE660 has a serial interface that 
is used to interconnect HE660 and CPU. Therefore, HE660 can be set up by a pre-installed 
program in CPU. CPU sends control signal to HE660, HE660 in turn sends data concerning with  
the figures of water level in asynchronous transmitting   method ( 8 bit of data, 1 bit stop, no 
parity bit, data rates of 19.2kbps) [3]  
2. Ultrasonic Sensor: Transforms sine signal into ultrasonic wave that then is generated through 
air to object. Besides, it still transforms reflected ultrasonic into electric signal to send back to 
HE660 [3].      
3. Cables: These are used to connect HE660 and ultrasonic sensor, and their length is up to 
thousands of meters which is depend on the allocation of devices. 
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1. Velocity measurement device 
2.  
 
 
 
 
 
 
 
 
 
 

 
Fig.3 Block Diagram of Velocity Measurement Unit   Fig. 4 Picture of the Probe 

 
4.2. Velocity measurement device  
This device is composed of the following: 
1. Probe:  This converts the velocity of water flow to pulses chain. As the probe is sunk in 
water, water flow makes its four   propellers turn around. Therefore, their axis turn around, too. 
This rotation produces an electronic signal in sine form, and frequency of signal is equivalent to 
velocity of water flow. Then, sine signal is fed to Pulse Shaper, output of which is a pulses chain. 
This pulse and sine signal have the same cycle[2].        
2. Pulses counter: This counts a number of pulses fed into its input within a defined period. 
Counter’s result is sent to CPU via EIA expand slot [10].       

 
4.3. Rain gauge  
A rain gauge is a device used to measure rainfall that is used to estimate potential risk to where 
device is located on. Both rainfall and velocity as well as water level are very important 
parameters to estimate the potential danger from  flash flood. Rain gauges can be programmable. 

This allows it to realize its function according to CPU’s control. [8]. 
 
4.4. CPU: 
This is a Center Processing Units, it is used for the following functions: 
- Generating control signal to measurement devices at the beginning of every period of 5 second.  
- Receiving the data from measurement devices, then  store all of them  into its  memory. 
- Selecting necessary data to send to CPS via satellite, as soon as  CPS demands it to do that. 
Each control signal is sent to any measurement device by CPU then measurement devices reply 
CPU with only a data chain of 8 bit. Therefore, in a period of 5 second CPU receives three data 
chain of 8 bits from three gauges.   
 
5. CONSTRUCTION OF MEASUREMENT UNIT  
The measurement unit has to be constructed in a special way because this is used to   measure 
directly the properties of flash floods which can destroy or sweep away everything located on 
their trip. For this reason, measurement device units always have to float on the water to reduce 
water  flow’s pressure into it.   
In order to clearly recognize this mater, let’s look at the following equation. 
P = V.F        (1) 
V:  Area of vertical plane that is in contact with F. Because the system always floats on water, 
thus, value of V is very small.    
Looking at Fig.5, one can see that the whole of system is held by a cables system. Once, the level 
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of water increases, the distance between the float and the ultrasonic sensor or cable decreases 
correspondently. Though velocity very strong, it mean that F is very high, if V is very small then 
P is not very high. Therefore, the system is seldom destroyed or swept away.   

   
Fig.5 Structure of measurement system. 

 

6. CONSTRUCTION OF DATA COMMUNICATION LINK ARMSs AND CPS 
In order to do this, selection of a communication technique appropriate to actual condition of 
Vietnamese geography as well as economy is very important.  
As we mentioned before, flash floods occur either in mountain areas or in forest where media 
services have not spread to, yet. Therefore, measurement units have to be located in forest or 
mountain areas. In order to ensure the quality of communication link for The Flash Flood 
Warning System, a type of communication links via satellite is most suitable. Moreover, in some 
coming years, Vietnam will have its own geostationary satellite. Constructed in this structure, the 
system can approximately, continuously measure not only the distance between sensor and 
surface of water but also velocity of water flow.    
5.1 Construction of data communication link via Vietnamese Satellite (VNASAT)  
In order to ensure the quality of communication link via satellite between two locations, each one 
needs to be a satellite transceiver station that is found on Fig. 6. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 Diagram of a ARMS 

VSATPlus II terminal 
This features :  
1. To demodulate signal received from satellite VNASAT to data, then to transmit one into 
its CPU. 
2. To modulate data from CPU, then send radio signal to destination station via satellite. 
3. Operation according to control of HUB 
  

Held  

Cables  

Velocity gauge 

HE660 

CPU 

Rain gauge 

 



 6

Once, both ARMS and CPS are satellite transceiver stations, we can  establish a communication 
link via satellite. The link can be illustrated as shown on Fig. 7. 

 
Fig. 7 Structure of satellite link 

 
6. CONSTRUCTION OF FLASH FLOOD WARNING NETWORK 
 
As we known before, flash floods occur anywhere, anytime in mountain and forest areas which 
nobody can predict. Therefore, the best way can be used for warning them is that we should  
locate ARMSs at many places where could be at risk in the next flood season. Each ARMS or 
CPS  is assigned one primary address, and is a member of TDMA network. Each member 
operates according to controlling of HUB. While occurring rain or storm, CPS initiates calls to all 
ARMSs. CPS first initiates a call to one station, address of which is smallest. After finishing 
contact with this station, CPS moves on contact with the next station and continue until CPS 
receive data of this one, address of which is the biggest number. After checking out data of all 
stations, CPS will make a decision whether it is necessary to initiate a new call with some station. 
The network architecture is shown on Fig. 8.  

 
Fig. 8 Structure of  data communication network 

 
Role of CPS 
 CPS generates a inquire information packet to ARMSs, one by one. If any station has data then 
its data is sent to CPS at once. After CPS finishes receiving data of one station, it initiates a new 
call with the  next station. The progress continue until none of all stations have data to send. After 
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receiving data of one ARMS, CPS stores this data into a individual segment presenting for that 
station, and processes this data to construct a predict diagram or correct the predict diagram 
constructed before. Also, CPS calculates the time interval for a flash flood to transfer from 
ARMS to village due to the data sent from ARMSs. It is proposed that, after finishing a data 
reception period, CPS uses data received from a certain ARMS, for example ARMS 1, to plot a 
graph that describes the water flow changes in time at where ARMS 1 is located. The graph is 
shown in Figure 9. 
After processing this data CPS discovers the rapid increment of flow velocity happening at the 
moment of 0:01:55, this makes one strongly believe that the flash flood passed through that 
ARMS at the moment of 0:01:55. Immediately, CPS sends a S.O.S signal to the alarm system 
located on the areas where are going to be at risk in some minutes. A specialized software 
installed in the operating system of CPS is used to calculate the time interval for the flash flood 
runs into a certain residential areas. The parameters for that are the data derived from a Terrain 
Digit Map, the water flow passing through the ARMS at the moment it discovers the rapid 
increment of flow velocity, the rainfall, and some thing else. The time interval for people to avoid 
flash flood is not constant, hence it is continuously informed to people. 

The Progress of a Flood
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Fig. 9 The progress of a  flash flood 

 
7. POWER SUPPLY PROBLEM 
As we mentioned before, almost all measurement stations are located  on mountain or forest areas 
where national power supply system has not spread  to, yet. Hence, the power supply problem is 
very important. Today, there are many methods to supply electricity for an automatic station and 
can be listed as the following. 
1. Using solar energy by constructing photovoltaic cells boards.  
2. Using hydroelectric energy, by constructing small power hydropower plant on natural springs 
or artificial springs.  
3. Using wind energy. 
However, all of devices usually work while occurring storm and rain, moreover at this time,  
photovoltaic cells will not discharge electricity energy, therefore the best solution for this 
problem  seems to be that hydroelectric energy will be used. 
 
8. CONCLUSION 
    Regarding software for the system, so far, we have not had any devices even smallest 
device because of not having finance. Therefore we are not able to construct a software for the 
system. The devices that we introduced above are found from Internet. By studying their features 
we proposed the above solution for construction of the system. Hence, in this paper many things 
remain unsolved.  However, in coming time, we will continue our research to deploy this system 
as soon as possible.    
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