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Abstract  

Flood is inevitable but can be predicted before time to secure maximum human lives and decrease its impacts. For this 

purpose, a lot of techniques have been developed to predict the flood like Hydrograph, unsteady Flow River like 

SPH(Smooth Particle Hydrodynamics), ANFAS, FRICS, DMS and CBC. However these are not efficient to take benefits of 

uprising concepts for prediction. To overcome the problems, we developed a system based on mobile agent concepts. For 

mobile agent communication, VSAT (Very Small Aperture Terminal) is used which is useful in any type of critical conditions. 

For this, we develop a mobile agent based algorithm which can provide communication of server and client agent. This 

divides the system in two parts server and client agent. The client agent is responsible for calculating the discharge of flood 

based on water passing through the cross-section area, calculated by Simpson’s1/3
rd

 method and its velocity. The 

responsibility of the server agents to take the decision of inundation area depends on the discharge of water and historical 

data. 
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Introduction 

The occurrence of flood hazards has increased in many 

countries like Malaysia
1
, China

2
, India

3
, Japan

4
, Turkey

5
, 

Bulgaria
6
 and most recently in Saudi Arabia.  Saudi Arab is one 

of the countries that faced a catastrophic disaster of flood in 

2010 and 2011, in Jedda and Mecca , that killed over 120 people 

and caused up to a billion dollars’ worth of damages. The fact of 

flood occurrence in recent years is due to heavy rain in different 

cities like Jedda, Mecca and Riyadh. Since, the rains were so 

rarely in Saudi Arabia, Saudi cities lack infrastructure to deal 

with heavy rain. Mostly the occurrence of flood is actually the 

overflow of water from waterways and from the river banks
7
. 

The flood situation can be created due to: the highest discharge 

in the river, full the channels which overflow through its banks, 

in mountain areas, land does not absorb all water of heavy rain , 

consequently the water runs off the land which is not controlled 

by streaming channels
8
.  

 

Flooding can have many factors like heavy rainfall, severe 

winds over water, unusually high tides, tsunamis, heavy snow 

and facinghigh melting ratio and failure of dams as shown in the 

figure 1
3
. 

 
Figure-1 

Causes of Flood 
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Practical experience shows that floods cannot be avoided but 

can be managed controlled and alleviate its affect by taking 

appropriate actions
9,10

. It is absolutely imperative to predict 

flood and make decisions about the forecasting of inundation 

area to rescue the people
11

. For this purpose, lots of strategies 

have been developed to nullify the impact of this potential 

danger. The biggest challenge of flood counterpart is to predict 

the flood and to save the human lives and their belonging. The 

Hydrograp his a technique to plot a graph, showing the stage or 

discharge of the river
8
. It plots graphs of gauging station relative 

to time. The Unsteady Flow River Model is another approach 

for the flood prediction. It has many factors such as input flow 

of water to river; storage capacity and discharge are studied and 

estimated using computer system
12

. SPH (Smooth Particle 

Hydrodynamics) is a simulation based model uses GIS 

(geographical Information System), LIDAR (Light Detection 

and Ranging), DEM (Digital Elevation Model) and Remote 

Sensing image to model this study
1
. The ANFAS is another 

method used for impact assessment of the flood affected area. It 

develops a simulation to help decision-makers about the flood 

damage
13

. FRICS (The Foundation of River Basin Integrated 

Communications) based on cell phones and mobile internet, 

applied (in Japan) throughout in country on 700 points, it 

calculates the river flow which is further available through 

website
4
. Government of India (GOI) and the United States 

agency for International development (USAID) initiated the 

Disaster Management Support (DMS) project as a collaborative 

effort to reduce the vulnerability of the Indian population to a 

variety of natural hazards
3
. It includes implementation of a flood 

forecasting and flood inundation mapping system. Turkey and 

Bulgaria developed three projects: contact information, real time 

data exchange and flood forecasting warning
6
. They model four 

remote sensing hydrometric stations are established in Bulgaria 

records continuously and supply real time data using a GSM 

communication system between both the countries. 

 

In this research wedevelop a model for implementing distributed 

behavior of flood prediction using mobile agent concepts. 

Mobile agent is a particular type of agent having the ability of 

migration from one host agent to another agent where it can 

resume its execution
14

. Since, our system is geographically 

distributed, dynamic ambience and communication essential
15

 

for such systems the use of the mobile agent approach is 

documented
16-20

. In this research, we deploy the client agents on 

critical points to observe water flow and level to calculate 

discharge of the water through the cross-section. Further, the 

discharge is communicated to a server agent through a mobile 

agent to calculate predictions of inundation area. For mobile 

communication the VSAT (Very Small Aperture Terminals) 

technology is used. VSAT technology can solve 

telecommunications issues, enabling organization to focus on 

their core activities without becoming constrained by 

infrastructure. 

 

Conceptual Model 

In this system we divide our approach in two parts one is the 

server and another is a client agent.  The client is the agent 

situated on the spot where the flood is passing. The client is 

responsible to measure the speed, level of water, calculate 

discharge and send it to the server.  Whereas, the server is the 

agent receives the data, manipulate it and then take a decision 

about inundation to predict the upcoming flood. The server 

agent consists of the components: agent execution, user 

message, alarm, database and security. Whereas the client agent 

contains the components: agent execution, level of water, speeds 

of water, discharge and security as shown in the Figure 2 and 

described as followed: 

 

 

 

 
Figure-2 

Components of Conceptual Model 
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Components 

Server agents: Agent Execution: This component is responsible 

for the mobile agent creation, mobility and communication with 

client agent. 

 

Security: The security component is used for securing the 

system and protecting it from unnecessary intrusion in both 

sides of client and server. 

 

Agent execution at client: As the MA resides on the client 

machine, it starts execution and generates the results. For this 

purpose it takes help from following components: i. Speed of 

water: This is a sensor responsible for continuously reading the 

speed of water and updating the database. ii. Level of water: 

This sensor reads the level of water and updates the database 

continuously. iii. Discharge: Client agent uses speed of water 

passing through the cross-section area to calculate the discharge 

of water. 

 

Agent execution at server: i. User Messages: This component is 

an interface for communicating with user. This informs about an 

inundation area in critical situation. ii. DB: DB contains the 

records of historical events occurred and its effects. DB support 

in taking decisions as well for calculating inundation area. iii. 

Alarm : If discharge reaches to a critical stage, then server agent 

sends signal to alarm device for prediction of flood for people 

living along the river bank for safety evacuation. 

 

Algorithm of the Conceptual Model 

This algorithm describes the mobile communication between 

the server and client agent. It initiated at server LOC= 

“SERVER”, which creates a mobile agent at server. The mobile 

agent is then move toward the client agent using connection 

established() function. At client agent, it executes the mobile 

agent; calculate speed of water by Current meter and level of 

water using a linear array LW which store sublevels of water 

calculated with Bubble Tube
21

. Further, an area of a cross-

section is calculated by using the data stored in array LW by 

Simpson’s 1/3rd rule. Moreover, the client uses speed and area 

of the cross-section to calculate the discharge of water through 

the area. Finally, the client dispatches the mobile agent contains 

the discharge towards the server. It executes at the server, 

calculates the inundation area based on the current discharge 

and the historical values of the previous floods. It also issues 

warning to the area about the time and intensity of the upcoming 

flood to the community. The algorithm is divided in three parts: 

Server module, client module and the area of the cross-section 

as follows. 

 

Server Module: 

1   Initialize: set LOC= “SERVER” 

2   bolean connectionestablished(); 

     //attach client 1 information  

3   if(connectionisestablished()) Then 

        // client 1  information passes as parameter 

                    LOC=”CLIENT1” 

                    go ("newmethod"); 

         else 

                                    //connectionerror 

        End of if Structure.      

Initialize Serverbasecal() 

4. If(Discharge > D1  && Discharge < D2)  Then 

           FloodType = “Medium”  

4.1  Connectiondb();//Database connection to Server  

4.2   Readdb();// Read history of flood at this point from 

Database 

 

4.3   ALERT   //Server calculate the inundation area and 

alert the Management for taking  appropriate actions to 

secure people of critical region. 

  Else 

5.  If(Discharge > D2  && Discharge < D3)  Then 

           FloodType = “High”  

5.1  Connectiondb();//Database connection to Server 

5.2   Readdb();// Read history of flood at this point from  

Database 

5.3   ALERT   //Server calculate the inundation area and 

alert the Management for taking appropriate actions to 

secure people of critical region.   

 Else 

6. If(Discharge > D3 )  Then 

           FloodType = “Very High”  

6.1  Connectiondb();//Database connection to Server 

6.2   Readdb();// Read history of flood at this point from  

Database 

6.3  ALERT   //Server calculate the inundation area and 

alert the Management for  taking appropriate actions to 

secure people of critical region.   

7. Else 

             FloodType =  “ Normal “  

7.1  Connectiondb();//database Connection to Server 

7.2  Readdb();//Read history of flood at this point from  

Database 

      // take no actions on Normal flowing. 

End of If Structure 

Exit 

 

Client Module: 

1    Initialize  newmethod()  

     

1.1 о→read speed of water through sensor (FW) using 

Current Meter 

1.2 Repeat for k=1 to MAX(No. of width parts) 

1.3 o→read level of water through sensor using Bubble 

Tube and stored in array LW[k] 

  [End of Loop.]   

1.4 AREA =  AREACAL(); // Call the sub module of 

Simpson’s 1/3 formula 

1.5  Discharge = AREA * Speed  
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 1.6 if(connectionestablished())  Then   // back to SERVER 

1.6.1 //Send Discharge of flood to SERVER 

1.6.3 LOC = “SERVER” 

 1.6.4 go(“Serverbasecal()”); 

  End of if Structure 

Area of the Cross-Section: 

Initialize AREACAL(); 

1,  AREA =  LW[0] + LW[N]  

2.  [Initialize counter.]  Set k= 0 

3.  Repeat for k=1 to n-1 

4.  If k mod 2 = 0   

 AREA = AREA + 2* LW[K] 

     Else 

     AREA = AREA + 4* LW[K] 

     End of If structure 

     [End of Step 3 loop]  

6.     AREA = h/3 * AREA  

7.     End     

 

Area of River Using Simpson’s 1/3 Formula  

Different methods are used to read depth of water which varies 

with the passage of time due to their natural shapes or 

sedimentation. This difference causes error in calculation of the 

area through which the water passes. Consequently, it creates an 

error in the discharge and hence wrong prediction of inundation 

area. In this work to calculate the area we divide the cross-

section area into n- subintervals with n+1 digital bubble tubes as 

shown in the figure 5.2. The bottom curve of the cross-section 

generated by the lower ends of digital bubble tubes for any three 

points is almost parabolic shape. As Simpson’s 1/3rd has 

parabolic approach, it is best suited to calculate the area as 

follows.  
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to 
)(nLW

are---------. 

 

Since the parabolic curve makes 2nd degree function, hence its 

3rd and higher derivatives are zero i.e., 0)()4( =ξLW  where 

ξ  is some number between 0 and n.  Hence, the error in 

calculating the area by Simpson’s 1/3rd is given by the equation 

is zero. 
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Error
 

Where ξ  is some number between 0 and n. 

To calculate the area of the cross-section through which the 

water passes are shown in the last part of the given algorithm 

 

 
Figure-5.2 

Calculating Area using Simpson’s 1/3 
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Conclusion 

Flood is a natural hazard and threat for the inhabitant in 

inundation area. Only prediction can support to rescue the 

people living in critical region. To overcome the flaws, found in 

existing technology, we proposed a model using mobile agent 

technology via VSAT (very Small Aperture Technology). The 

system is divided in two parts server and client agent. The client 

agent calculates the discharge of flood based on water passing 

through the cross-section area and its velocity. The cross-section 

area is calculated uses Simpson 1/3rd due the parabolic shape of 

water base to achieve the best results. The server agent takes the 

decision of inundation area based on the discharge of water and 

historical data. For this a mobile agent based algorithm is 

developed which can provide communication of server and 

client agent. The generic parameter D1, D2 and D3 are used in 

the algorithm for the nonspecific discharge through different 

locations.  In future, we plan to use formal modeling with 

mathematical approaches, use in many applications
22-27 

to 

develop a specified and verified system. 

 

References 

1. Ghazali J.N. and Kamisn A., A Real Time Simulation and 

Modeling of Flood Hazard, 12th WSEAS  International 

Conference on System, 438-443 (2008) 

2. Jinxing Z., Yan W. and YijunL., A Review of an  Early 

Warning  Technique of  Flash Flood  and Debris Flow 

Disaster, ISCO 13th International Soil Conservation 

Organization Conf.,  Brisbane, 4, 432-439 (2004) 

3. Sengupta S.K., Bales J.D., Jubach R., Scott A.C. and Kane 

M.D., Flood Forecasting and Inundation Mapping in the 

Mahanadi River Basin: A  Collaborative Effort between 

India and the United States, (2006) 

4. Ministry of lands Japan, Japan Tokai Heavy Rain, 

WMO/GWP Associated Programme on Flood Management 

(2000) 

5. Cigizoglu H., Askin P., Ozturk A., Gurbuz A.  and Ayhan 

O., Artificial Neural Networks Models In Rainfall-Runoff 

Modeling  of  Turkish Rivers, International Conference on 

river Basin Management, Turcia (2007) 

6. Sezen N. and Gunduz N., Meric River Floods And Turkish-

Bulgarian Cooperations, International Congress on River 

Basin  Management,  Turcia (2007) 

7. Zhang X.Z., Jing R.L and Tang K.D., Evaluation for flood 

control influence on Zhangjiazhuang (Cihe River) bridge,  

Proc. Int Water Resource and Environmental Protection 

(ISWREP) Symp, 1, 474-477  (2011) 

8. Nelson S.A., River flooding, Tulane University, 

http://www.tulane.edu/~ sanelson/Natural_Disasters/ 

riverflooding.htm, (2012) 

9. Cigizoglu H., Askin P., Ozturk A., Gurbuz A.  and Ayhan 

O., Artificial Neural Networks Models In Rainfall-Runoff 

Modeling  of  Turkish Rivers, International Conference on 

river Basin Management, Turcia (2007) 

10. Matei A.M., An Analysis of Modern Monitoring and 

preventing Techniques of floods, 60(2), 86-92 (2008) 

11. Yuliang Z., Ping Z., Juliang J.  and Libing Z., Application 

of Interpolation Model Based on Genetic Algorithm to 

Comprehensive Evaluation of Flood Disaster Loss, Proc. 

Second WRI Global Congress Intelligent Systems (GCIS) 

1, 272-275,  (2010) 

12. Bin L., Xianpu C., Dongchao S.  and Xia W., Modeling  

Techniques  of Unsteady Flow Flood Control River Model, 

(2000) 

13. ANFAS, Data Fusion For Flood Analysis and Decision 

Support, European  Research Consortium for Information 

and Mathematics, ANFAS, http://www.ercim.org/ANFAS 

14. Borselius N., Mobile agent security, Electronics & 

Communication Engineering Journal, 14(5), 211-218 

(2002) 

15. Chen B., Cheng H.H. and Palen J., Integrating mobile agent 

technology with multi-agent systems for distributed traffic 

detection and management system, Transport Research 

Part C, 17 , 1-10 (2009) 

16. Chen M., Kwon T., yuan Y. and. Leung V.C.M., Mobile  

agent Based Wireless Sensor Networks, Journal of 

Computer,  1(1),  (2006) 

17. Francis S.A.J., RajSing E.B. and  Bhusham S.S., Mobile 

Agent Based AHP Clustering  Protocol In Mobile Ad Hoc 

Network, Advances  in Computational Science and 

technology, 3(1), 77-96 (2010) 

18. Khan S.A. and Zafar N.A., Improving Moving Block 

Railway System using Fuzzy Multi-Agent Specification 

Language, International Journal of Innovative Computing, 

Information and Control, 7(7(B)), 4517-34 (2011) 

19. Milojicic D., Breugst M., Busse I., Campbell J., Covaci S., 

Friedman B. and White J., MASIF: The OMG mobile agent 

system interoperability facility, Personal 

Technologies, 2(2), 117-129 (1998) 

20. Onashoga S.A.,  Akinde A.D.   and  Sodiya A.S., A 

Strategic Review of Existong Mobile Agent–Based  

Intrusion  Deduction System, Issue s in Information  

Science and Information Technbology,  6, (2009) 

21. http://ga.water.usgs.gov/edu/measureflow.html retrived 

September, (2011) 

22. Khan S.A, Zafar N.A., Extending Z., Notation by Some 

Important Operators of Soft Sets, vfast transactions on 

softwre engineering, 1(1), (2013) 

23. Ahmad F., Khan S.A., Fakhir I. and Khan Y.D., Petri Net 

based Modeling and Control of the Multi-Elevator Systems, 

Neural computing and applications, DOI:10.1007/s00521-

013-1391-1, (2013) 



Research Journal of Recent Sciences ______________________________________________________________ ISSN 2277-2502 

Vol. 3(1), 72-77, January (2014)                             Res. J. Recent Sci. 

   

International Science Congress Association  77 

24. Ahmad F., Khan S.A., Fakhir I. and  Khan Y.D., A Survey 

on Linear Algebraic Approaches for the Analysis of Petri 

Net based Models, Research journal of Recent Sciences, 

2(5), 21-28 (2013) 

25. Ahmad F., Khan S.A., Fakhir I., and  Khan Y.D., A Survey 

on use of Neuro-Cognitive and Probabilistic Paradigms in 

Pattern Recognition, 2(4), 74-79 (2013) 

26. Mian N.A., Khan S.A., and Zafar N.A., Database Reverse 

Engineering Methods: What is Missing?, Res. J. Recent 

Sci., 2(5), 49-58  (2013) 

27. Arif, M. Some Conveity Properties for a General Integer 

Operator, VFAST Transactions on Mathematical Sciences 

with Applications, 1(1), (2013) 

 


