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Cloud Cover: <&F
skaveB: sky average blue(sls dH<2] A2 HH),
skaveG: sky average green(sls < 3
skaveR: sky average red(dts 499 AHA H
skstdB: sky standard blue(sls <3 A
skstdG: sky standard deviation green(sls <
skstdR: sky standard deviation red(3ts 4 << A
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Cloud Cover: 20%
| skaveB 88.6004 83.6004 88.60..
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| skstdB 503177 50.3177 50:31..
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* Result 2

Cloud Cover: 64.4%
1 skaveB 758577 75.8577 7585
J_ skaveG 69 2646 69.2646 6926
__I skaveR F0.7770 F0TTT0 7077,
_j skstdB 43 9594 43 9594 £395_.
_J skstdG 34 6765 34 6765 3467...
j skstdR 36.0557 36.0557 3605
SKyA 35,6483

PRed PGreen PBlue
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Cloud Edge Detection Using Fuzzy Inference
Sun—Min Whang+, Han=Kyung Yun~*=
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Abstract The cloud amount is one of major variables to decide amount of sunshine or solar rradiance. Due to the
eye observation of cloud amount, the amount may depend on the individual difference -and the limitation of human
vision. Instead of the eye observation, computer aided automated observation might be applied to get the cloud
amount or cloud cover. A rising issue is how to get the cloud area since the boundary of cloud generally is
ambiguous, Some of studies related cloud generally used values of RGB or those ratio such as Red Green Ratio
and Red Blue Ratio etc. However the RGE value in the cloud bitmap image could be different among pixels even
the region of cloud. The threshold value to get a detailed edge, is artificially vsed to overcome the ambiguity, it
might be included some errors since the atmosphere condition often changes according o time and location, The
proposed edge detection is applied the fuzzy inference to get the boundary of cloud. Ancther advantage is that the
thickness of cloud can be considered using the fuzzy inference result of each pixcel,

Keywords @ Cloud amount, Fuzzy inference, Edge detection, Cloud observation, Vision
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Extraction of Effective Observation Area from
Fisheye lens image

For Quantifying Cloud Cover from Whole Sky Image

Sun-Min Whang
Schoul of Computer Science and Engineening
Korea University of Technology and Fducation
Chonansi, Chungnam, Korea
smhwangiatkoreatech.ac kr

Abgtreci— The cloud amownt is one of major variables to decide
amount of sunshine or selar irradiance, Due o ihe eye
observation of clowd amount, the resull may depend on the
individual differemce and the limitation of human vision, Instead
of the eve observation, computer alded sutomated observation
might he applied to get the clowd amount or cloud cover. A rising
issue §s how to get the cloud area since the boundary of cloud
generally is ambiguous, Some of studies related cloud generally
used values of RGE or those ratio such as Red Green Ratio and
Red Blue Ratio vie. Previous studies reported that RGB value in
the cloud bitmap image could be different among pivels even the
region of clowd, The threshold value to get a detailed edge is
artificially wsed to overcome the ambiguity, 1t might be included
sume errors since the atmosphere eondition and serrounding
aften changes according to time and location. Furthermore, the
bhoundary of sky may mot easy 10 be decided since the
circumference of whole sky linage generally includes some
obstacles such as natural or arfificial abject. The proposed edge
detection of the observed area is more precise and convenient.
The exact area of sky easily gets than the currently used method.

Kepwerds- whele sky Image; eofud; fisheye image: sky cdge
defeciion

I. INTRODECTION

The cloud amount affects meteorological variables as well
a5 weather forecast. It is an absolute variable for determining
solar radiation and sunshine en ground. In addition, it is highly
used in un mdustry using solar energy and air taftic as well as
metcorological arcas, However, clowd smount lacks an
ohjective evaluation due to visual observation on the ground at
present, which has low spatiotemnporal resolution, To overcome
the limitations of bare-eve observation, satellite dats are
employed in caleulating the cloud amount but they are not
identical 1o those measured from grovnd and there is still a
problem to get objective data. Therefore, WSI (Whole Sky
Imager) and TSI {Total Sky Imager) are invited to improve the
caleulation of the clowd amount, bt few smdies related o it
have besn conducted domestically [1, 2], The present study
developed algorithm of calculating the effective sky zone to get
the cloud amount with the whole sky image data taken the
image data taken the automatic clowd cobservalion system
operated by the Metological Administration in Korea. To

Han-Foyung Yun
School of Computer Svience and Engineering
Korea University of Technology and Education
Chonansi, Chungnam, Korea
hkyuniakut.ac.kr |

evaluaie the performance of the algorithm, comparison
made with the current used method, sinee the result of
current method has not given reliable data compared nakedg
observation. The whole sky image, obtained the aulo
cloud observation  system  in Daikwanryoung  we
ohservation station at in Korea, has been analyred [Fig. 1),
result is shown that the proposed method has more relinhle
accurate. More detailed analysis, seazonable & monthly anal
were required to get a universal commercialized method.

PER-24-10

0 1342

i L, S e P A .
P o . . -

Auvtomatic elovd absereation system and obiained imnges

Frgureg |

A Sky and clowd Charateristic

The change of sky color at sunrise or sunset (red nearest|
sun, blug furthest away) is caused by Rayleigh seattering
atmospheric gas particles which are much smaller than |
wavelengths of visible light. The grey/white color of the cl
is caused by Mie scattering such as water droplets, vellow
or Asian dust, volcanic ash, and sea salt particles which are ®
comparable size to the wavelengths of vigible light L}-’ig_E].

Karea Universily of Technology and Education amt ANDID Co. Lid (sponsors)
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* he cloud amounts, onc of the basic important parameter in
e ahservation, have been obterved by naked eyes of
aryers, which ore affected by the subjective view. In order
% reliahle and objective ohservation, an algorithm o
e cloud amaunt was constructed using true color images
aad of ted, green snd blue (RGBI[1,234]. The true
image is obtained by the metomated cloud obszrvation
a5 shown in the figure |, The pringiphe of distinguishing
m-fmm sky lies in @ spectrum analysis that the speciral
Wms of light scaitering s different for air molecules
and cloud

i

I1.  SKY ZONE EXTRAUTION
[ Circular fisheye whole sky imuge

The circular fisheye lenses take in a 180° hemisphere and
wjected this s o circle within the sensor srea. These have a
1807 weitical angle of view, and the horizontal and dingonal
angle of view are also 1807 Most circular fisheye lenses cover
ller imzge circle than rectilinear lenses, so the comers of
e frame will be completely dark as shown in the figure 3[5]

Blmred. Wl
FHEEL Whale shy imnpe abwuined from e clond olsereation sysiem

8 Optical chractersiics of sky and clod

ﬂmih:m]!zll:ftmu o separation b-:‘:llwlum! :u1enr sky zone and
i the gf inﬂlu-c fii'-&'CIt'ul l:hm".u.-tm:mnus difference, Molecules
be ohiineg “;v_ﬂ sealtering. Therefore the cloud amount could
and e Eim‘e”:ig-, Irue wh‘-lrl images composed of red, green

: ere are differences among RGB as shown
_ 'mlms ::;::': -“kfs shows different intensities depended on
of el f-\:lh_:u " Inl.w:l the cloudy zope shows thal the intensity
Bifferen; Netuates with thme but their intensities are not

jerence on Informalion, Electronics, and communicatian Tachnalogy + Déigital Contents Seciaty 20161

!L._-!_l\im'. 13z clowd
all RHI aid
ness of REGR[T).

Figure 4. Whole Sky [moge Analysis{Region A: clear sky.
Ave. of Brightness of R€GliGop). Coonparison of
RGR{middie), Ave, of Standord Deveation of Hrig
Effective sky 2one exiraclim

The currenl surounding of the observation sysiem has
problem since the harder of image circle mcludes the obstacle
such as building, trees, electric power line and some utility
poles. The curent solution is that the image s periadically
obmined and revised manually to make a filter to extract the
sky region, but the proposed method caleulaes awtomatically
using constraint eonditions which are included in the whole sky
image and system parameters. The figure in below shows the
difference that the left image is processed by the manual works.
The street light and its pole are disappeared and the top of lees
at the middle of right arc new obstacles. The right image is
processed aulomatically using the proposed method ancl the
inside edge is exactly the observed sky zone. By scanning from
the center to the edge, the sky zone is able to get the number of
pixels of the sky 2one [6, 7]

The previous study shows the separation of clear sys anil
cloud is more precise and convenient if the HIS (hue, intensity
and saruration) system is applied as shown in the figure 6. 1t
ry be applied to be observed for the cloud type and the cloud
height which are also required parameters for ihe cloud
observation. The night image in the figure shows that the
brightness {n the image is free and the sun’s influence is less
than the original image.

Ko, lJII.i\-l.'nI'I}.' S Tech

ology and BEducation and ANDRD Co, Lod. {suonsors)

i)
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Figure 6o, The compirtsin hetween the oclginal im;s::- Al the processed
niegative imensty imngs

L. REsinT AND FUTURE WoRK

This groundwork siudy is purt of {1:&-‘&5311ing an intelligent
cloud observation system for the Meteorological Agency in
Korea. The effective observation sky area is defined and the
obtained sky area does not require extra manual work o make
filter to get the sky area, It is oblained automatically from the
exactly same original image. The proposed cloud amount
mepsuring selution is shown in Figurs 7, which is the block .
diagram of the proposed solution for cloud amount ohservation. ']
It will be extended to measure the cloud type and height.

12
[whole sky images | =3 [R&8 HIs Canversion | i

|
ﬂ
|

Effective Sy — Sy Cloud 141
Zore Extraction Saparation
&)
Figure 7. The block diagrasm of the proposad salution. [6]

Al the present time, the result of a pilot solution is shown in
below and the solution requires some improvement, It will be  [7
tested after modification and packaging. However, the obtained
cloud amount or cover using the proposed solution is heter
reliable and precise than the current automatic cloud

Karea Univessity of Technology and Eduecation and AND2D Co. Lud. {spomscrs)

- an -

observation system al the Meteorological Agency as g
below.
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Frgure B The pesult of ihe Propossd selation
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Camera distortion center (center) centery)s

1

2 173268 2558.72

3 Camera distortion parameter k1 =
4 -1,18953e-07

3 Camera focus bength f =

i 5990.57
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