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Abstract—As the globe undergoes extreme climate changes, 
disaster events and their disaster scale continue to increase; 
therefore, it has become imperative to devise disaster 
prevention measures. Traditional flood monitoring devices, 
while operating in harsh environments, are often influenced 
by changes in weather conditions such light, rain, and fog. 
Consequently, recorded images are often blurred or 
damaged, which increases the possibility of errors in 
judgment or delays in the hazard mitigation process. In this 
study, an automated identification method for flood 
monitoring based on real-time video images is proposed. The 
method can be used by the Water Conservancy Agency of 
the Ministry of Economic Affairs automated for automated 
identification of flooded areas and for automated 
determination of the water levels of the main rivers from 
image data. This paper presents results to show that the 
capability to detect temporal changes in image sequences is 
crucial for an automated image-based flood alarm system 
used in disaster-monitoring applications.  

Keywords-flood alarm system; flood monitoring; hazard 
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I. INTRODUCTION 
In recent years, flooding has occurred in numerous 

regions worldwide. The main causes of flooding are 
heavy rain, hurricanes, and tsunami, among which heavy 
rain is the dominant factor. Rain that falls for extended 
periods causes rivers to overflow, flooding the 
surrounding areas. In September 2008, Typhoon Sinlaku, 
which passed over the Philippines, Taiwan, China, and 
Japan, caused enormous damage through heavy rains, 
flooding, and landslides. In Taiwan, the accumulated 
rainfall reached a new record of 1000 mm. The hurricanes 
caused at least $22.2 million in damages to the agriculture 
sector, and 14 people were killed during the typhoon [1]. 
Because natural disasters cannot be prevented, researchers 
have focused on using current technology to reduce the 
resulting losses and effects. Various methods can be used 
to monitor and prevent flooding events, and video 
surveillance systems have been widely and effectively 
used in recent years for monitoring flooding events. 

Flood monitoring at embankments, bridges, levees, 
and dams is essential for flood prevention. One of the 
most challenging problems in flood response is the precise 
localization of flood risk; this task is performed by early 
warning system (EWS) for flood prevention and disaster 
management. EWS are extensively used for mitigating 
flood risk, detecting abnormalities, and predicting the 
onset of flooding, and they involve the use of remote 

sensors [2, 3]. Traditionally, EWS have been used for 
monitoring flooding by employing remote sensing 
technology such as satellite imaging and electronic 
sensors installed near rivers and seaports.. Image analysis 
technology has been widely applied in numerous critical 
fields, such as medicine and aerospace. More recently, the 
technology has been determined to be useful in 
environmental object analysis [4]. A decision-theoretic 
methodology that is suitable for modeling and evaluating 
forecast response systems can be used to develop 
automated detection systems that can issue flood warnings 
[5, 6]. To provide real-time flood condition information 
and timely flood warnings to authorities, web-based 
decision support systems are typically employed for flood 
management. 

To resolve challenges faced in flood monitoring and 
warning systems, flood-monitoring techniques were 
combined to realize an image-based flood alarm module 
(IFAM). The IFAM served as the foundation for a 
morphological image processing system that can be used 
to detect and identify flood conditions from real-time 
video images [7]. In this paper, an image-based flood 
alarm system that is capable of automated flood detection 
and identification is proposed; the flood alarm system is 
based on an image-processing model and mathematical 
morphology methods. An image analysis methodology for 
identifying mainstream rivers can be combined with the 
mean-shift (MS) and region growing (RegGro) algorithms 
[8, 9]. Experimental results were evaluated using various 
data sets, and it was observed that the proposed alarm 
system can effectively identify flood hazard areas from 
image sequences.  

The remainder of this paper is organized as follows. 
Section II presents a preliminary background for the 
application of the image-based flood alarm system to an 
image processing module. Section III discusses the 
descriptions and selection of field measurements. Section 
IV presents the results and discussion of the designed 
experiments. Finally, the conclusion is provided in Section 
V. 

II. MATERIALS AND METHODOLOGIES 

A. Image-Based Flood Alarm Framework 
The image-based flood alarm (IFA) is an image-based 

flood alert system that facilitates proactive monitoring, 
assessment, and early response to rising water levels and 
associated inundation in real time. The IFAM receives 
video streams from digital camera sensors installed 
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around rivers. The video streams are decomposed into 
JPEG images and filtered for image enhancement. The 
module can then calculate water levels and assess the 
accompanying flood risk. Fig. 1 shows the proposed flood 
alert monitoring system. The processing methods 
involved in the detection and identification of the flooded 
areas are as follows. 

 
Figure 1. Sketch of the proposed flood-alert monitoring system. 

B. Identifying Flooded Areas by Using the Mean-Shift 
and Region Growing Algorithms 
The MS algorithm is a powerful nonparametric 

clustering algorithm based on the nonparametric 
estimation of probability density functions, and it can be 
used to estimate local density gradients of similar pixels. 
These gradient estimates are used in an iterative procedure 
to determine the peaks in the local density. In the iterative 
stage of the MS procedure, each pixel is assigned an MS 
point )( ixM , which is initialized to coincide with the 
pixel. The multivariate kernel density estimator with a 
bandwidth matrix H and computed at point x is calculated 
as follows: 
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where the n data points ix represent a sample with an 
unknown density f , or in the case of images or videos, 
the pixels themselves. 
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where )(xK is a d-dimensional kernel function 
satisfying the conditions for asymptotic unbiasedness, 
consistency, and the uniform consistency of the gradient of 
the density estimate. The term H is a symmetric positive 
definite dd × bandwidth matrix. 

If a normal (Gaussian) kernel is used, the MS vector 
becomes 
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The term )(, xm Kh  is proportional to the normalized 
density gradient and always points in the direction of 
maximal density increment. 

The MS algorithm is an iterative procedure involving 
the following steps: 

Step 1: Compute the MS vector for point )(,
k
iKh xm  

according to (3). 
Step 2: Update the current position: 
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Step 3: Repeat Steps 1 and 2 until convergence; in 
other words, until the gradient of density functions at the 
point is zero (i.e., 0)(ˆ

, =∇ xf Kh ). 
The RegGro algorithm is a simple region-based image 

segmentation algorithm. The purpose of using RegGro is 
to group pixels into meaningful regions, starting from a 
specific seed pixel and spreading to neighbors that satisfy 
the growing rule. The fundamental disadvantage of 
intensity-based region segmentation is that intensity 
provides no spatial information and the settled threshold is 
a single value or a set of gray levels. Hence, RegGro uses 
a compact dynamic mean intensity with a settled threshold 
(intensity distance) to implement the growing rule. The 
RegGro rule pseudocode can be presented as follows: 

 

III. DESCRIPTION OF CASE STUDY 
In this study, the proposed IFAM was employed to 

identify flooded areas. All the sample images of flooded 
areas captured from streaming video were evaluated. All 
images were in JPEG format, exhibiting a 24-bit color 
depth and a spatial resolution of 352 ×  240. Field 
experiments for the measurement were conducted on the 
Nan-Hu No. 2 Bridge and Ma-Ling-Keng River in Taiwan. 

RegGro rule pseudocode 
//For each pixel p 
for all p in the image 
  //Copy the previous state of p and the mean intensity of all
q 
  labels_new = labels; Mean_Intensity(q) 
  //All neighbors q try to spread to the current cell p 
  for all neighbors q 
    if(Intensity(p) < Mean_Intensity(q)) 
   //Growing successful spread out to the current
cell p, growing. 
      labels_new(p) = labels(q) 
    end if 
  end for 
end for
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The Nan-Hu No. 2 Bridge data were recorded during 
Typhoon Sinlaku, which induced a rainstorm on 
September 14, 2008. The video images were captured 
between noon (when the rain began) and nightfall (flood 
tiding). 

Figs. 2 and 3 show sample images of the Nan-Hu No. 
2 Bridge and Ma-Ling-Keng River used in the 
experiments. 

   

   
Figure 2. Sample image sequences  for the case of the Nan-Hu No. 2 Bridge dataset (from top to bottom, left to right). 

   

   
Figure 3. Image sample sequences for the case of Ma-Ling-Keng River (from top to bottom, left to right). 

IV. RESULTS AND DISCUSSION 
In this paper, the proposed IFAM was used to evaluate 

test areas in various image sets for selecting the optimal 
image segmentation and flood identification methods. The 
automated identification method for conducting flood 
monitoring is based on real-time video images. Figs. 4 and 
5 show example images from the two datasets, obtained 
using the proposed algorithm.  

 

 
(a)                               (b)                                (c) 

Figure 4. Nan-Hu No. 2 Bridge image set. From left to right: (a) Input 
image, (b) segmented image, and (c) identified image. 
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(a)                                (b)                               (c) 

Figure 5. Ma-Ling-Keng River image set. From left to right: (a) Input 
image, (b) segmented image, and (c) identified image. 

The first step in image processing is converting the 
color space from the RGB domain to the HSV domain. 
The HSV color space is preferred because it is more 
perceptually relevant than the Cartesian coordinates 
represented by the RGB domain. To distinguish a river 
object from its background, histogram equalization was 
used to enhance the object contrast. The MS methodology 
was then used to classify video images into building, plant, 
river, and embankment. Finally, the RegGro algorithm was 
used for segmentation for forming a binary mask. The 
outlines of the river areas were preserved within the binary 
mask. 

In this paper, an image-based flood alarm system was 
proposed to achieve automated flood detection and 
identification based on the image-processing model and 
mathematical morphology methods. The image analysis 
methodology can be combined with MS and RegGro 
algorithms. Experiments conducted in the present study 
indicated that the IFAM receives video streams from 

digital camera sensors, continually calculates image data, 
and automatically detects flooded areas. The automated 
flood-alert monitoring system presents results concerning 
flooded areas; the system can provide real-time water 
resource information obtained from all monitoring stations 
to multiple users. 

V. CONCLUSIONS 
This paper presents an automated flood-alert 

monitoring system for monitoring river conditions from 
real-time video images; the monitoring system detects and 
identifies flooded areas. The mathematical morphology 
method was used to identify river areas. The approach is 
designed to improve the identification accuracy in adverse 
weather conditions while preserving accuracy in clear 
weather conditions. Crucial attributes that should be 
considered for achieving high identification performance 
are fog and rain, which strongly affect morphological 
features. The experimental results demonstrated the 
suitability of the proposed automatic image-based flood 
alarm system, which can effectively identify flood hazard 
areas from image sequences.  
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