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Summary

This paper developed a Real-time Mobile debris-flow Disaster
Prevention and Alert system (RMD2PA), which is the three-tier
architecture composed of the maobile node, the multimedia server, and
the decision support system based on the wireless/mobile and Internet
communications. Mobile clients use handheld devices, e.g., PDA
combining a cellular phone, to transmit and receive multimedia debris-
flow information via the GSM/GPRS network. The case-based
reasoning mechanism is embedded in the handheld device to achieve
the simple debris-flow prevention and decision when the mobile
communication fails. The multimedia server provides the customized
information for mobile users and effectively reduces the bandwidth
consumption of the mobile network. Based on the database of the pre-
analyzed 181 potential debris-flows in Taiwan, we build the accurate
prediction models to achieve the effective debris-flow prevention by
case-based reasoning scheme in the decision support server.
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Introduction

In the past several years, many researches developed
feasible mechanisms and systems to predict the occurrence
of debris flows and provide effective alerting methods for
significantly reducing the damage of debris-flow disaster
[4, 17]. The information technologies, including the
Internet communications and decision support system, are
widely used on the prediction and alerting of debris-flows
[6, 10]. Recently, with the rapid progresses on handheld
devices and wireless/mobile communication technologies,
pervasive services with provision of Internet and
ubiquitous connections, e.g., PDAs combining smart
cellular phones, are popularly applied on the alerting of
debris-flow disaster. [7, 9, 13, 15].

In this paper, we proposed and designed a Real-time
Mobile debris-flow Disaster Prevention and Alert system
(RMD?PA\) to provide real-time and effective information
for the prevention and alter of debris flows in Taiwan. The
proposed RMD?PA system is the three-tier architecture,
which is composed of the mobile node, the multimedia
server, and the decision support system. The
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communication networks include Internet and GPRS/GSM
mobile networks. We especially focus on determining the
occurrence probability of debris flows. In decision support
system, the modeling base of debris-flow prediction is
designed by case-based reasoning (CBR) scheme to
predict the probability and make alarms for mobile users
when the occurrence probability of debris-flow exceeds a
threshold.

The rest of this paper is organized as follows. Section 2
describes the fundamental control policy of the Case-
based reasoning scheme. Section 3 describes the
infrastructure and components of the RMD?PA system.
Section 4 describes the system analysis of CBR. Section 5
finally concludes this work and provides the future
improvement directions.

2. The Case-based Reasoning Scheme

Case-based reasoning (CBR) is successful implement in
many specific areas, e.g., speech recognition, medical
diagnosis, and legal arguments [1, 8, 11, 18]. CBR uses
the explicit and experienced cases to address and reasons
the new solutions of un-deterministic problems based on
heuristic rules and theoretical models. Case-based
approaches enable the core of reasoning engine to learn
from the experienced and historical data. After reaching a
search-based solution for a specific problem, the CBR
mechanism saves the solution and related information to
reasons in next time. Figure 1 depicts the flow chart of
case-based reasoning [8, 10, 12] and the control steps are
described as follows.

(1) Step1l

Retrieve appropriate cases from the experienced
database by sequence searching to find the most similar
case. The searching scheme is based on the Euclidean
Distance (ED) method. The formula of ED is as follows.
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Fig. 1 The flow chart of case-based reasoning

ED;: The Euclidean Distance between new case and old
Case;.
Case;: The ith case.
;C™": The attributes of the new case.
iCIf'd : The attributes of the experienced (old) case, for
k=1.n.

The formula (2) illustrates the normalization process for
the values of the attributes.

Attribute,
Attribute,,,,

Attribute, =

I.new

Vi e case . ; )

The CBR mechanism searches a new case and compares it
with experienced cases in the database. Every experienced
case generates an ED value. The case has the smallest
value of the ED is the most similar case and then CBR
mechanism uses the most similar case as the modification
reference of the next reasoning step.

(2) Step?2

The purpose of modifying a retrieved case tries to apply
the retrieved case on the current situation. The retrieved
experienced case usually isn’t suitable for the new
situation. The modification controls are based on the Mean
Magnitude Relative Error (MMRE) and Mean Absolute
Relative Error (MARE), which are the measure estimation
errors using in CBR engine. The formula of MMRE and
MARE are as follows.

(SA-E) (1
MMRE_@ E, NTCJ
@3)

MARE = (Z A E'Jx(lJ Q)
=y i TC
A;: actual value of the estimated case.
E;: estimative value for the estimated case.
TC: total numbers of the estimated cases.
i=1,2,3,..., N: N is total number of the estimated
cases.
(3) Step3
When CBR mechanism finishes the step (1) and (2)
finished, the CBR mechanism applied the transformed
case to the new problem. Based on the reasoning results,
the CBR mechanism would determine the conclusion and
give the suggestion for users.
(4) Step4
The CBR mechanism stores the final reasoning case
need into the experienced database. As the volume of the
experienced cases increases, the CBR mechanism is
capable of having more accurate reasoning determination.

3. The Infrastructure of the RMD?PA System

Effective  information  transmission  via  robust
communications is very important and critical on the
prevention and alert of the debris flow disaster. For the
debris-flow disaster, the real-time information is very
helpful for making decision. To achieve effective ad real-
time prediction and alert of debris-flow, we developed a
Real-time Mobile debris-flow Disaster Prevention and
Alert system (RMD?PA). RMD?PA system is three-tier
architecture includes mobile node, multimedia sever and
decision support server. Figure 2 illustrates the RMD?PA
system architecture and related components.

Mobile Node means the high mobility handheld devices,
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Fig. 2 RMD?PA system infrastructure
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Fig. 3 The system architecture of the case-based reasoning mechanism

e.g. PDA, or Tablet PC. Users could use PDA combine the
cell-phone to transmit the real-time information.
Multimedia server provides multimedia information

between the mobile nodes and the decision support system.

The rainfall agent (RA) of the multimedia server, which
monitors the rainfall website of weather station in Taiwan,
provides rains information to help predict the occurrence
probability of debris-flow disaster [3, 14]. The user
interface agent (UIA) also provides the suitable user-
friendly interface and customized information depending
on the computing capability of mobile devices.

The decision support system is composed of the dialog
unit, the database, and the modeling base [2, 5, 16]. Dialog
Unit communicates with the UIA) of the multimedia
server. The experienced of debris-flow database provides
eight debris-flow related parameters, which are the
effective IR average, the effective NDVI average, the
effective accumulation of rainfall for 24 hours, the
effective accumulation of rainfall for 1 hour, the effective
length of the river, the effective gradient of the rive, the
measurement of gathering water, and the characters of
rocks. The primary component of the modeling is the case-
based reasoning (CBR) engine, which determines the
occurrence probability of debris flows.

The case-based reasoning mechanism is embedded in
the mobile nodes and the decision support system. The

mobile client using the handheld devices downloads the
new information from the decision support system based
on the mobile communication links and stores the received
data into its own database. Due to the light computing and
memory capabilities of handheld devices, RMD?PA
system provides a decision tree of debris-flow occurrence
to reduce the volume of data transmission and required
bandwidth. Figure 3 depicts the system architecture and
the control workflow of the CBR mechanism.

4. System Analysis

The experienced data is based on the 181 potential
debris-flows rivers of Taiwan to reason the occurrence
probability of debris flows. There are 100 records used for
train model and the remaining 81 records to proof the
correctness. Figure 4 depicts the reasoning rule of the
CBR mechanism. (i) The mobile user inputs the related
eight debris-flow related parameters. (i) The RMD?PA
system normalizes the eight parameters. (iii) The CBR
mechanism uses100 records to build reasoning model and
uses 81 records to prove the correctness of the reasoning
results. (iv) CBR mechanism revises the reasoning record
revise by the MMRE and MARE. (v) CBR mechanism
displays the related results and saves into the database to
build the reasoning model.
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Fig. 4 The reasoning rules of CBR in DSS
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Fig. 6 The implementation result of PDA

The emulation results of CBR reveal that 65 records are
corrected and 16 records are error. It means that 80.246%
are corrected and 19.753% are error. Figure 5 and figure 6
illustrate the implementation results of the RMD’PA
system.

5. Conclusion

In this paper, we developed a Real-time Mobile Debris-
flow Disaster Prevention and Alert system (RMD?PA),
which provides the occurrence probabilities of debris
flows in Taiwan and the real-time multimedia
communications based on mobile environments. Mobile
node could use all kinds of handheld devices to transmit
and receive the multimedia information between the
disaster area and the rescue-control center. We proposed a
prediction models based on the case-based reasoning
scheme to achieve accurate prediction probability. The
emulation results reveal the high prediction probability of
the proposed CBR model.

Acknowledgments

The National Science Council of the R.O.C. under the
grant NSC-91-2219-E-020-002 supports the research.

References

[1] Aamodt, A., and Plaza, E., “Case-Based Reasoning:
Foundational Issues, Methodological Variations, and
System Approaches,” Al Communications, Vol. 7, No. 1,
pp39-59, 1991.

[2] Asghar, S., Alahakoon, A., Churilov, L., “A hybrid decision
support system model for disaster management,”
Proceedings of Fourth International Conference on Hybrid
Intelligent Systems (HIS 2004), pp. 372-377, 2004.

[3] Brown, C., Gasser, L., O’Leary, D.E., and Sangster, A., “Al
on the WWW Supply and Demand Agents,” IEEE Expert,
Vol. 10, pp50-55, 1995.

[4] Chang, S.Y., and Lee, J.F., “Machine vision applied to
Detection of Debris Flow,” China Researches on Mountain
Disasters and Environmental Protection across Taiwan
Strait, 3, pp154-161, 2002.

[5] Efraim, T., and Jay, E.A.P., “Decision Support System and
Intelligent System,” 5th ed., Hall, 1998.

[6] Fujiwara, T., Makie, H., Watanabe, T., “A framework for
data collection system with sensor networks in disaster
circumstances,” 2004 International Workshop on Wireless
Ad-Hoc Networks, pp. 94-98, 2004.

[7] Hare, C.B., “Redefining User Input on Handheld Devices,”
3G Mobile Communication  Technologies,  Third
International Conference, pp.388-393, 2002.

[8] Huang, Z.W., “Estimate Cost of Software Development
Using Integrated Model: Cluster, Rule-Based Reasoning,
and Case-Based Reasoning,” Proceedings of fifth
Conference on Atrtificial Intelligence and Applications
(TAAI 2000), pp309-315, 2000.

[9] Jalili-Kharaajoo, M., “Mobile information and consultation
support system (MICSS): a new m-business service,”
Proceedings of 2004 International Conference on
Information and Communication Technologies: From
Theory to Applications, pp. 91-92, 2004.

[10] Kung, H.Y., Ku, H.H, Liu, Y.Y., and Lin, M.H., “The
Design of a Multimedia Debris-Flow Information System



IJCSNS International Journal of Computer Science and Network Security, VOL.6 No.2 B, February 2006 5

over Heterogeneous  Networks using  Ubiquitous
Appliances,” International Conference on Computer,
Communication and Control Technologies, 2003.

[11] Lorenzo, M.M.G., and Perez, R.E.B., “A model and its
different applications to case-based reasoning,” Knowledge-
Based System, Vol. 9, pp465-473, 1996.

[12] Luger, G.F., and Stubblefield, W.A., “Artificial
Intelligence-Structures and Strategies for Complex Problem
Solving,” 3rd ed., Wesley, pp235-240, 1999.

[13] Meggers, J., Park, A.S.B., Fasbeder, A., and Kreller, B., “A
Multimedia Communication Architecture for Handheld
Devices,” Personal, Indoor and Mobile Radio

Communications, The Ninth IEEE International Symposium,

3, ppl245-1249, 1998.

[14] Meirina, C., Ruan, S., Yu, F., Zhu, L., Pattipati, K.R
Kleinman, D.L., “Real-time agent-based decision support
system to facilitate effective organizational adaptation,”
Proceedings of 2004 IEEE International Conference on

Systems, Man and Cybernetics, Vol. 3, pp. 2681-2686, 2004.

[15] Rubio, J. and John, L.K., “Reducing server data traffic
using a hierarchical computation model,” IEEE
Transactions on Parallel and Distributed Systems, Vol. 16,
Issue 10, pp. 933-943, 2005.

[16] Vahidov, R., “Intermediating user-DSS interaction with
autonomous agents,” IEEE Transactions on Systems, Man
and Cybernetics, Part A, Vol. 35, Issue 6,pp. 964-970, 2005.

[17] Wei, F.Q., Xie, H., Zhong, D.L., Cui, P. and Hu, K.H.
“Problems of Debris Flows and Disasters Mitigation in the
Construction,” China Researches on Mountain Disasters and
Environmental Protection across Taiwan Strait, Vol. 3
pp50-58, 2002.

[18] Wu, G., Gong, Q., Feng, Y.Q., “Applying Case-Based
Reasoning to Multi-Attribute E-Purchasing Decision,”
Proceedings of 2005 International Conference on Machine
Learning and Cybernetics, Vol. 5, pp. 2822-2827, 2005.

Hsu-Yang Kung received his BS
degree from Tatung University, MS
degree from National Tsing-Hwa
University, PhD degree from
National Cheng-Kung University,
Taiwan, all in computer science and
information engineering. He s
currently an associate professor at
the Department of Management
Information ~ Systems,  National
Pingtung University of Science and
Technology, Taiwan. He also is the
D|rector of Computer Center at the same University. His
research interests include distributed multimedia systems,
wireless and mobile communications, and embedded multimedia
applications.

Hao-Hsiang Ku received the B.S.
degree in the department of
Management Information Systems
from Chung-Hua University on

f W) 2001/6, and the M.S. degree in the
s department of Management
g Information Systems from National

\l-‘-'." ) Pingtung University of Science and

Technology on 2003/6, Taiwan,
R.O.C. He is currently working for
his Ph.D. degree in the Department
of  Computer  Science  and
Informatlon Engineering, National Cheng Kung University. His
research interests are sensor networks, pervasive computing and
embedded multimedia applications.

t/\



