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Auto-recognition of typhoon cloud based on boundary features
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Abstract:

Typhoon has different characteristics, such as texture, shape, and area, in different development stages. We could

not automatically recognize the typhoon clouds in all stages based on these features. During different development stages, ty-

phoon all has helicity and non-typhoon has no helicity. Based on this, we extract boundary information of clouds and statistics of

the rotation degree of boundary clouds in single satellite image. In this paper, we use curvature curve of Bezier histogram to ob-

tain two segmentation thresholds, iteratively segment the satellite image, and combine typhoon’s geometric features, such as ro-

tation, area and shape to recognize the typhoon. Experimental results show that the typhoon can be recognized effectively in all

different development stages.
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1 INTRODUCTION

The correct recognition of typhoon cloud system is the pre-
requisite for accurate prediction of typhoon, and it has a certain
degree of difficulty in satellite images. Up to now, Chinese and
international scholars have done many researches in the cloud
system identification. The research work focused on the use of
clouds’ gray, texture and statistical features, by means of neural
networks, fuzzy techniques, mathematical morphology and
fractal geometry and other mathematical tools to identify the
typhoon cloud system (Vannoorenberghe & Flouzat, 2006.; Ooi
& Lim, 2006; Lopez et al., 2004; Intajag et al., 2006). Yu et al.
(1996) segmented cloud regions with mathematical morphology,
then calculated texture features of typhoon cloud probability
density, and used BP neural network combined with fuzzy iden-
tification technology to identify typhoon cloud system in the
GSM cloud image. Liu et al. (2001a) obtained the segmentation
thresholds with Otsu method, iteratively segmented, then com-
bined the area feature of typhoon clouds to identify typhoon
clouds. Liu et al. (2001b) used the fractal dimension and
GGCM to extract the texture features of objectives, such as
typhoon dense clouds in satellite images, and recognized clouds.
Wang et al. (2008) combined with the main cloud of typhoon
with higher gray value, larger area and limited scope of activi-
ties, made use of threshold method, mathematical morphology
and mathematical statistics method, and studied the typhoon
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cloud segmentation of Lambert image. Hao et al. (2002) identi-
fied typhoon cloud by introducing vectorial moment to charac-
terize the overall distribution of the image texture. The above
methods are all based on particular characteristics of typhoon
clouds, such as texture and shape, which can change in different
stages of the typhoon cloud. We cannot auto-recognize the ty-
phoon clouds in all stages based on these features.

During different development stages, typhoon all has helicity,
so that we extract boundary information of clouds and statistic
the rotation degree of boundary clouds in single satellite image.
In this paper, we use curvature curve of Bezier histogram to
obtain two segmentation thresholds, iteratively segment the
satellite image, and combine typhoon’s geometric features, such
as rotation, area and shape to recognize the typhoon. Experi-
mental results show that the typhoon cloud can be effectively
recognized by the proposed method in all different development
stages.

2 ALGORITHM DESCRIPTION

2.1 Algorithm theory

Typhoon 1is a tropical cyclonic disturbances evolved
low-pressure system. In the northern hemisphere, the airflow
around the typhoon center has counterclockwise rotation, and
vice versa in the southern hemisphere. In the process of the
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generation, development, mature and dying stages, typhoon
cloud has different texture, shape and other characteristics. It is
difficult to identify the cloud with a single particular pattern.
Compared with the other cloud systems, typhoon cloud has its
special characteristics: In general, the diameter of main cloud of
typhoon reaches at least up to 150km, and there is a better cir-
cle-like. The cloud of typhoon is an “organized” system at any
stages of development. As the center of typhoon has great ab-
sorbability, the surrounding area of the clouds are rotated
around the center, even in the dying stages, typhoon broken, it
still has the vortex structure. Based on the above characteristics,
we can remove part of cloud bands, which has no circle-like,
and the smaller cloud system. Then the rotation feature can be
used to distinguish the typhoon cloud between vast majority
non-typhoon clouds. Cloud Motion Wind is used to describe the
rotation characteristics of clouds, which also has shortcomings:
On one hand, Cloud Motion Wind’s expression needs many
continuous satellite cloud images, it can not be depicted just in
a single satellite image. On the other hand, it is difficult to
know if the cloud is rotary automatically, even if we has the
Cloud Motion Wind. In this paper, we extract information from
edge cloud in a single satellite image, based on its ablity to
reflect rotation characteristic more or less, and statistics the
degree of rotation of clouds, then combine other features, such
as circle-like, to recognize typhoon cloud.

2.2 Select segmentation threshold of satellite images

Segmentation threshold affects the segmentation result and
the integrity degree of the main typhoon cloud. The background
of satellite image is complex, and gray distribution of targets is
uneven. How to select an adaptive threshold value is very dif-
ficult in identifying the main body of the typhoon cloud. There
are many threshold selection methods now, such as iterative
method, maximum entropy threshold method, clustering algo-
rithms, and so on. They can achieve a good threshold some-
times, and a good result can be obtained by these methods only
part of the satellite images in identifying typhoon cloud. In the
original satellite image, gray values of the same structure cloud
are quite close, pixels of typhoon cloud are more concentrated
and gray values of typhoon cloud are higher. Corresponding to
histogram, gray values of similar parts are very similar, and
most of them form specific peaks. Considering these character-
istics, we select the gray threshold by using the curvature of
Bezier histogram curve (Jin et al., 2004). The two parameter
equations of position coordinates of Bezier curves are as fol-

lows:
L-1
X(t)= D" XBy L1 (D) )
k=0
y(t) = Z Yy Bk.L—l (t) 2

The gray level of original image is quantified into L. (X, i),
k=0,1,2, ,L-1 are the location of all control points of gray

histogram. 0<Xt<<1, By, _(t) is harmonic function of various

points position vector along Bezier curve, Its expression is:

L
Bk,Lfl(t)—m

The curvatures of control points in Bezier histogram can be

£ (1 )Lk 3)

solved if use the following formula:
X®Y"®) - y'Ox")
(X’(t)z + yv(t)2)3/2
X'(t) and y'(t) are first derivative, X(t) and y (t) are second
derivative, they can be calculated as follows:

Cur(t) =

4)

{x’(t) =1/2[x(t+1)—x(t-1)] )
y'®) =1/2[yt+D)-yt-D]
{ X"(t) = X(t+1)—2x(t) + x(t = 1) ©
y'®) =yt+D)-2y®+yt-1)

Peak points of curvature correspond to valley points of the
histogram curve. According to the actual characteristics of ty-
phoon cloud, this paper takes some peak points of curvature of
Bezier histogram curve as gray threshold. Experiments prove
that taking one of these peak points as the threshold can sepa-
rate part of clouds, but have poor adaptability, on account of
different images have different peak points. In addition, the
contrast of original satellite image also has greater impact to
segmentation results. To improve the segmentation result, we
enhance the original satellite image firstly, and linear stretched
the enhanced satellite image. The process can enhance satellite
cloud contrast and improve adaptive threshold.

2.3 Criterions of recognizing typhoon cloud system

In general, typhoon cloud has a larger area, bright gray value,
and good circle-like. We can use circle-like and area as a crite-
ria to identify typhoon cloud. Circle-like is defined as (Yu,
2008):

where A indicates the area of cloud and C is the cloud’s cir-

0

cumference.

As cloud is a highly irregular geometry, edges details may
be too much, make circumference very large, then Y is small
even if the cloud has good circle-like. The result is far from
ideal. To recognize typhoon cloud, Eq. (7) is improved as:

K=YxA" (8)
where K is a criteria to identify typhoon cloud, and anther crite-
ria is the rotation degree of clouds. The rotation information
embodies in the edge of single cloud image, as shown in Fig.1:

Fig. 1 (a) is cropped fused image of typhoon Sepat, No. 9
Typhoon, at 8 o'clock on August 16, 2007. We can get rich in-
formation of helix from the image. Just a single satellite cloud
image, we can see the edge turn around the center of typhoon
cloud system, majority of angles that between edge clouds and
the main cloud are acute angle, when along counter-clockwise,
and non-typhoon clouds are not. Considering typhoon cloud of
various periods, combined with the typhoon cloud all has vor-
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Fig. 1 Rotation information in single satellite image
(a) Cropped typhoon; (b) Corners and centroid of the cloud; (¢) Concave
and convex foints of the cloud

ticity, we can recognize most typhoon cloud by get degree rota-
tion of all clouds. We statistic the angle between edge clouds
and the main cloud along counter-clockwise to get degree rota-
tion. The specific calculation methods are as follows:

(1) Binary satellite image, remove broken scattered clouds,
and fill empty space which in enclosed area of clouds, avoid
detecting corner points which are inside of clouds.

(2) Detect corner points with Harris algorithm on the edge of
clouds, that is, calculate 2x2 autocorrelation matrix at each
pixel:

G=w[(VI)YVD)'| ©)

H = det(G) — h(trace(G))? (10)
where W is gaussian smoothing template, and h is a constant (it
is set as 0.04). We define the point as corner point when H is
big enough.

(3) Find convex - concave points of edge clouds, as follows:
Calculate centroid a of cloud, order corner points which get
from above step counter-clockwise, obtain counter-clockwise

sequence of corners J;, i=1,2, ,n, where n is the number of

corner points. Calculate the distance d; from each corner point
to centroid a. Then calculate difference Ad; between adjacent
distances.

Ad; =

di —di_1,2§ i<n
n

di—d,, i=1

Detect the jump points of Ad;, i=1,2, ,n, if Ad; changed
from positive to negative, i will be saved as a concave point; if
from negative to positive, i is saved as a convex point.

The red points are edge corner points which detect with
Harris algorithm and the blue point is the centroid a in Fig.1 (b).
And Fig.1 (c)’s red points are convex — concave points which
we get as above.

(4) Compute angles between convex points and the main
cloud: Paint directed line segment AB  whose endpoints are
two adjacent concave points A, B (A, B according to
counter-clockwise order). Obtain the midpoint C of AB, con-
nect the convex points D that between concave points A and B
to C, obtain a line DC, calculate angle & between DC and

AB .

(5) Statistic the proportion of acute angle in all &, recorded
as rotation degree Z. If the proportion is over 80%, the cloud
system can be judged as having the characteristics of rotation.
In the northern hemisphere, we calculate rotation degree with

an acute angle to Identify typhoon, and with obtuse angle to
calculate rotation degree in the southern hemisphere. (Satellite
images has latitude information, therefore, it is able to identify
the northern and southern hemispheres automatically according
to cloud that is.)

In theory, all angles are acute angles or obtuse angles can
judge cloud has rotation feature. In this paper, due to binary
satellite image causes to miss some edge information, and there
are also some errors in detecting concave-convex points. We
choose 80% as determine boundaries.

Combined area of typhoon cloud, circle-like and rotation
feature, Eq. (13) is used to identify cloud. The cloud which has
the largest TP is identified as the main typhoon cloud.

[2,2>80% b
10,2 <80% (12
TP = KR (13)

2.4 Algorithm

The algorithm flow chart is shown in Fig. 2:

Original image H Preprocessing |

[ s |
i 1st segmentation ;

|
. L. .
! R . Removal broken Restore gray | |
: Binaryzation = ;10,45 4’{ image :

i 2nd segmentation | i

i
Typhoon cloud |H-| Identify typhoon cloud combined features HBinaryzationli
i !

Fig.2 Flow chart of proposed method

2.4.1 Preprocessing
Preprocessing consists of three parts:

(1) Intercept typhoon region from original image. FY-2C
satellite image shows clouds on a global scale. The calculation
burden is very large if we directly deal with whole image. Ty-
phoon activity area is relatively small, and we intercept part of
northwest pacific which is the activity area of typhoon from the
original image (size 800x800) to recognize typhoon cloud.

(2) Fuse multi-channel intercepted images. We have done
lots of work to get complete information of Typhoon cloud
from multi-channel satellite images. In this paper, we fuse
5-channel satellite images with NSCT combining the principle
of energy (Lu et al., 2009), and save the fused image for sub-
sequent processing.

(3) Enhance image. Enhance the fused image in order to ob-
tain self-adaptive threshold (Chen, 2006). As wavelet of
symmlet series has approximately symmetry, we enhance
high-frequency detail in all directions with sym4 (2-layer).
Then linear stretch is implemented to the enhanced image.

2.4.2 Cloud segmentation
Segmentation one time can not separate all cloud, and we

segment cloud two times. The first threshold is obtained by
following equation:



LU Juan et al.: Auto-recognition of typhoon cloud based on boundary features 993

_ R(int(0.6N)) + Ry(int(0.7N))
2

where N is the number of peaks of curvature of Bezier histo-

T

(14)

gram curve, int stands for rounding, P,(N) is the gray value
that the Nth peaks corresponding.

We choose a coarse threshold in the first segmentation, and
then combined the feature of area to delete part of background
and clouds which have small area, restore to gray image, pre-
paring for the second segmentation. Recalculate curvature of
Bezier histogram curve after the first segmentation. The second
segmentation threshold need to distinct clouds from back-
ground, disconnect connection between clouds, and retain the
integrity of clouds. Finally, the second threshold can be ob-
tained as follows:

_ 2P, (int(0.6N)) + P, (int(0.7N))
- 3
where P,(N) is the gray value that the Nth peaks corresponding

T

(15)

to curvature of Bezier histogram curve after having finished the
first segmentation to the satellite cloud image.

After the second segmentation, we obtain independent
clouds, and then use different pseudo-color tag clouds, calculate
area, perimeter, roundness and rotation degree of each cloud,
get TP; according to Eq. (13) (i stands for the ith cloud). Rec-
ognize the cloud which has the largest TP; as typhoon cloud.

We verify this algorithm with typhoon Sepat satellite image
which is obtained by FY-2C. The processing and results are
shown in Fig. 3:

Fig.3 (a) are the preprocessing of satellite cloud images, (al)
is the original IR1 image of FY-2C at 23:30 on the 12th about
Sepat, (a2) is the intercepted part of northwest pacific of (al),
(a3) is the fused image of 5-channel intercepted images, (a4) is
the histogram of fused image, (a5) is enhanced image, and (a6)
is the histogram of enhanced image. There are messy clouds in
the satellite image, and non-typhoon cloud also has good
roundness. It is difficult to identify typhoon from the image.
Fig.3 (b) shows the histogram of Bezier curve before segmenta-
tion, Fig. 3 (c) is the curvature of the Bezier histogram curve.
Fig.3 (d) is the gray image after the first segmentation, Fig.3 (e)
is the Bezier histogram curve after the first segmentation, Fig.3
(f) shows the curvature of the Bezier histogram curve before the
second division, Fig.3 (g) is the binary image after the second
segmentation, Fig.3 (h) shows clouds tagged pseudo-color,
Fig.3 (i) is the typhoon cloud. Fig.3 shows this algorithm can
identify typhoon cloud and retain information of typhoon’s
main cloud.

3 RESULTS

We have made many experiments with 340 FY-2C satellite
images (complete typhoon Sepat (20070812 1230—200708

20 0100)). In order to certify the overall performance of the
proposed method, we identify typhoon cloud with improved

iterative area method based on Liu et al. (2001a) and the pro-
posed method respectively. Iterative area method can not ex-
clude non-typhoon Cloud, we improve this method as follows:
Statistic the scope of typhoon cloud area [min, max], obtained
the segmentation thresholds with Otsu method, iterative seg-
mentation, remove part of background each segmentation, then
use of gray level-gradient co-occurrence matrix (Jiang & Liu,
2004), statistic advantages of low gradient, average gray level,
gradient inhomogeneity, which are obtained by secondary sta-
tistic, to extract texture information from the satellite cloud
image (Liu et al., 2001b). Combine roundness and texture
information to identify typhoon cloud. The cloud that has even
texture and its area within the scope of typhoon is identified as
typhoon cloud. Compare improved iterative area method with
proposed algorithm, results are shown in Fig. 4 and Table 1.

Fig. 4 shows identification results on different development
stages of typhoon Sepat, such as generation period, maturity,
extinction period, based on above methods. Fig. 4 (a) are results
of one of generation period of typhoon cloud at 0 o’clock of
13th. Fig. 4 (al) shows the original satellite image, and it is
obvious that there are many clutter clouds. Fig. 4 (a2) shows
identified result of improved iteration method, the method iden-
tifies the non-typhoon cloud which has good roundness as ty-
phoon cloud. Fig. 4 (a3) is recognized result of the proposed
method, it exclude the non-typhoon cloud of good roundness
and close area, and identify typhoon cloud correctly. Fig.4 (b)
are results of mature stage typhoon Sepat, at 3:00 on the 16th of
the cloud and the recognition result, Fig.4 (b1) is original image
of typhoon Sepat at 3 o’clock of 16th, there are messy cloud
system compared with Fig. 4 (al). Fig. 4 (b2) (b3) are results
with improve iterative area method and our method. They all
recognize the typhoon cloud. Comparatively speaking, our
method extracted more integrity typhoon. Fig. 4 (c) shows re-
sult of extinction period. Fig. 4 (cl) is the original image of
typhoon Sepat at 21 o’clock of 19th. Typhoon Cloud gradually
spread at the period, Fig. 4 (c2) (c3) are results. From all these
images, our method can obtain more complete typhoon cloud.

As can be seen from Table 1, the proposed method has
higher recognition rate than improved iteration method at gen-
eration and extinction period of typhoon Sepat, where rotation
feature plays a certain role. In theory, typhoon clouds all have
rotation characteristics no matter in whatever developing stages.
Recognition results of experiments are: In generating and ex-
tinction period, the recognition rate is far lower than that of
maturity. Two main reasons are as follows:

(1) There are many messy clouds around typhoon cloud in
generation period, and non-typhoon clouds connect to typhoon
cloud closely. It is hard to disconnect them with single segmen-
tation method. In addition, computing error of the rotation de-
gree of typhoon cloud, some of non-typhoon clouds are identi-
fied as typhoon cloud. Eventually, the recognition rate of gen-
eration stage is low;
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Fig.3 Procedure of proposed method
(a) Pre-processing for satellite cloud image ((al)Original image(20070812_2330IR1); (a2)Cropped IR1 image of northwest pacific;(a3)Fused image;
(a4)Histogram of Fused image; (a5)Enhanced image; (a6)Histogram of enhanced image); (b) Bezier histogram before the first segmentation; (c) Curvature
curve of Bezier histogram before the first segmentation; (d) Gray image after the first segmentation; (e) Bezier histogram after the first segmentation;
() Curvature curve of Bezier histogram after the first segmentation; (g) Binary image of the second segmentation; (h) Pseudo-color of clouds; (i) Typhoon
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(al) Original image (a2) Improved iteration algorithm of area (a3) Proposed method

(@

(b1) Original image (b2) Improved iteration algorithm of area (b3) Proposed method
(b)

is,

(c1) Original image (¢2) Improved iteration algorithm of area (¢3) Proposed method

©

Fig. 4 Original cloud images and their recognition results
(a) Typhoon recognition (20070813_0000)((al)Original image; (b) Typhoon recognition(20070816_0300); (c) Typhoon recognition (20070819 _2100)

Table 1 Recognition results of typhoon in different (2) In extinction stage, typhoon cloud always spread, loca-
development stages tion centroid is very difficult. Detecting convex - concave
Generation ioq EXtinction points often has error, and rotation degree also has error. In
period oonna period ddition, the value that obtained by combini d round
Development stages  (20070812_ ( B (20070818_ _ addition, the value that obtained by combining area and round-
(time) 2330— 0330— ness of typhoon cloud is always too small. Therefore this will
20070818
20070814 _ 0300) = 20070820_ h Iti high
2130) 0100) perhaps result 1n a high error rate.
Number of o 55 0 o In summary, recognition results shows the proposed method
pictures is simple, and has low computational complexity, twice seg-
Improved iteration mentation based on curvature of the Bezier histogram curve
algorithm of area . . . .
(idfmiﬁew recogni- 63/67.74%  150/96.77%  64/69.57%  277/81.47% retain complete information of typhoon main cloud, and get
tion rate) higher recognition rate. Location the center of rotation is still to
Proposed method be improved, defined centroid of the cloud as the center has
(identified / recogni-  85/91.40%  153/98.71%  78/84.78%  316/92.94% some error to get convex - concave points and rotation degree
tion rate) ’

and then can not indentify typhoon cloud correctly sometimes.
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4 CONCLUSION

Typhoon clouds all have the rotation characteristics. Based
on this, we propose an algorithm that calculates rotation degree
with statistic angles between edge clouds and the main cloud in
single satellite image. We use curvature curve of Bezier histo-
gram to obtain segmentation thresholds twice, iteratively seg-
ment the satellite image, and combine typhoon’s geometric
features, such as good rotation, larger area and good roundness
to recognize the typhoon cloud. The proposed method is quite
simple and has low computational complexity, practicality. It
also needs to be improved: threshold segmentation can not
disconnect non-typhoon clouds and typhoon cloud sometimes.
In extinction stage, typhoon cloud always spread, location cen-
troid is very difficult, it is not enough to define centroid as the
center of rotation. If there are more than one typhoon cloud in a
image, the algorithm identify only one and miss anther. Future
research is mainly in choose more adaptive threshold and loca-
tion the center of rotation, improve the recognition rate of dif-
ferent periods typhoon.
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