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CLAMEF IS . AR B 78 F 6l 4] HR AL 0 42 1l
T AR 430 45 B R T K K3l 8 A5 i 1 21 Ah 4



14 1o R A - A KA I 2 HOR FUR Bk 103

SHEAE B 2 PFEES KRB IR K T A IR A
B KA LLAME ST A T — 2P R B
iz oA (e B AN Y 2 B R B YOUL I
Aty HEAT RE AR o 1] I 32 20 358 5 i K, R 7 4 it 220K

2 RHEEEARD

2.1 £XRZTEBIKR

R4 K s EARJE AT & KA 2 1 I 1 i
. FEHIEA MR AR, KR A
CCD ik #4742 K 25 BHR R 3R B, T gk CCD
B S R BK F TE VR SR B 180°, WFSE A R T & Fh
TR R ER . WK FEA 3 Fh 5
1 g CCD 4 3k i 2 iR 35 5% 0 K 25 dE A7 4 8 3K
I X 4 B2 WSILASI, WSC 4., X s ik
A D16 251 e — UK A4 {8 AT R B4 R s R RUOR i £
IR 325 5 o A AR AV 4 s IR K i 4 A IR A
FFoM ' KGR AT REH T & RS ==
AR, 5 2 RO BR O BE IR R A R s . H
AL T 47148 Bk E BT L A 4 R4S R AR B AR X
f2 TSI, X R 7k M SR8k i T~ [ B4 4
Koz B A FIF R34 3k L (HBR T B 7] /E 32 48 AL 35
B R 1 OGS R R L TR IR A 5 15
) Y 4 R A BRDY . 53 oy U2 R A
CCD %5 3k Jig ¥ 1 # JF 9F B 18 8 & X = B4,
WSIRCMS i J& 5% 3 i 7 32 %8 /N J7 o be KT8y [
HEAT A AR B0 9 I 0 B PR AR AR 2 R A
FRHE A . WO RO TR R A 804 404
A T 20 1R S B 4 K 4 21 A0 A S 1) o e )  [R)
i R A PF R B AR 5 sh M Re R &, R 3k
B ERESEBESE 1~2 MEoT PR, Xt
FoR H s WA 75 0 CIR & 51 A AL 45
R 2 R S PR A 1 AR I 4 K s e A (E o A
X AN X Sl R R
2.2 HELEP

Sarf A R AR A . 5y K T R
TG g o BRI, o] i A7 4 Sk £ 4P 00N DO o 15 22
JEH EE, o, WSI 7 & i1 2 91 % A i 22k |/ B
BE I i B B R AT Bl 4 H D8 5 1 B il B 3 A ]
W g e e A B 5 R R . SRR
R BT A I T AR D B B B TR 2 i B iR £ DA B
1L45 @ 4E 7. WSC Y CCD i 3k 2 %5 78 W5 2 14

0 B v, TR B Lk R IR B A PR IS g o
AT E R AR B Sk T . WSIRCMS SR
FH AN 42 8 45 1Y 4% PRI AT B Sk B 4 A4 1
TEA LI %, A A5 B A WA R Y ey R B 4L
G B EE % P R IR B0 £ M RS- T [ 8 AN E
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0 B A L 4 1 B P AR A b T R A5 1 R
VS R EAT S A AR L DU RE RE R0 S IS & 0 X
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] WS e i 2= U B 9 N TR A 7T e 5 80 o it 45
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2.5 mREIHHE
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Modtrand. 0 #3 LA R G HUAE 9T T A 7 52 BE (LA 3
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=R K 3 % 10 8 29 2K,
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5K AARB AN, IE# KK H 76%. hFESE
DY T WSIRCMS #1 BUH) 42 K 23 BR 2 FRAE
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2 o FIE 23 17 B U0 Sk B 9806, HA AR 4F
(53 JER R

3 AR = AR b L H]

FE I 5 T8 S A2 R 28 W 2= AN A T 8 S A i
R = am S5 N T HW, TR = B Z W 2ES.
Besnard 2507 b33 Nephelo(CIR & T &) 5
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B 22 5 JF Ok R T Jm 3 = & 5 Vaisala Y
LD-40 = AUAE L. S5 R E W, WST 15 1 =
5T H GRS 2220 1 Okta(z 519 /\ 4 &
TR BB IORR = EEmES . Rz
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A7 {5 I FVE B o3 A0 A5 S AT R 2% S5 L A Bes-
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FME 5T H W 2 a5 006 R 56 2R L BB A DR UE BT R
VR AR AR B AE AR L 55 b Z 1 i AT B 5
w.

3) AR 2% B R T B — AL S
W . ARE & A s AU Ay LUE B T 58 3
B 2= EE E 7 i B0E SR AR 2 = ) g
B KA IESE . X F 20 AN 2 A 3% oK 15 . 38 mT LA
MG 2 I S8 TR 45 A T B8 32 8 b T R 2 R DA X
KILE AR,

4) AN 2 PR AN R 7 5 24 a8 S PR ST S
RIRFI B AT LS 058 . =R 8 3hiR 5]
Tk Z 2500 2= 43 bR HE (9 1 55 48 5 0 280G B 0
JERK . T SRR T A = 4 bR HE AR T R
A . N BLA B = 00Ok T Bk
EFEBE N3 108 29 KW EE A LER, b
EIN = T-Bmy Z AL i — 25 X = Bk X T
25 [ AT LR B e T = R 2 b
G BETAIHA S AR = B AT 28R 09 40 50t 56 A7
AR 2R hE s B FRARIAEX
A JLZEN 2 1 R s e S 0 AE R AR R
CrsCy»Cy 3 21 = K H RS R 4 38 > I B 5K 23 R 0 AN
et H G ERS 2s B MEW s 4
TR .CutfsmB e . mZaMWZs 3 1M s)E,
Chu G BRaMBER 3 Mo)E. XATLIAH
B RGE— AR B L I B A A R
SARRME B SO = KRR Y if Kas 28 m, af LA
5 PEAR 3 — I ) e 37 4% D = 43 AR U DA AT AT A
SEFHPRA A BE 45 5 TG 25 406 25 LI i) 2R, RS
XTI [FE 2 R T B TS A
SRR TR BB T H BORE b 1E <5
ORL L 2 SRR TR AR B 2 KA L d
W2 53 H R

2 & X H

MRME RSN HRE. Joat: KZ Wik, 1993,

PG, wEM. IE TR N S S S A R
SR, R, 1998, 9(1):32-37.

Bradbury D L, Fujita T. Computation of Height and Velocity

[1]
(2]

[3]
of Clouds from Dual, Whole-sky, Time-lapse Picture Se-

quences. Satellite and Mesometeorology Research Project



14

1o R A - A KA I 2 HOR FUR Bk 107

[4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(SMRP), 1968.

Gardiner B G, Kirsch P J. Setting Standards for European
Ultraviolet Spectroradiometers. EC Air Pollution Report No.
53, Commission of European Communities, Luxembourg,
1995:138.

Long C N, Slater D W, Tooman T. Total Sky Imager Model
880 Status and Testing Results. ARM Technical Report
ARM TR-006, U S Department of Energy, Washington DC,
2001.

Cazorla A, Olmo F J, Alados-Arboledas .. Development of a
sky imager for cloud cover assessment. J Opt Soc Am A,
2008, 25(1):29-39.

B, BB, 2RFHEAHHIILN = & v B, m e
ARG B d] L 2002, 25(2) :242-246.

Shields ] E, Karr M E, Tooman T P,et al. The Whole Sky
imager—A Year of Progress. Eighth Atmospheric Radiation
Measurement (ARM) Science Team Meeting, Tucson, Ari-
zona, 1998.

Gaumet J L, Renoux N. Cloud Cover Observations Using an
IR Sensor.
instrumentation, Phoenix,AZ, 1998.:161-164.

10th Symp on Meteorological Observations and

Genkova I, Long C N, Besnard T, et al. Assessing Cloud
Spatial and Vertical Distribution with Infrared Cloud Radiom-
eter CIR-7 // Proceedings of SPIE. 2004, 4482:341-349.
Besnard T, Gillotay D, Berger L. Ground Based Sky Dome
Pictures Generated By Infrared Spectrometric Data // Pro-
ceedings of SMOI Conference. Long Beach. CA, USA,
2003.

Shaw J A, Thurairajah B. Short-Term Arctic Cloud Statistics
at NSA from the Infrared Cloud Imager // Proceedings of the
Thirteenth ARM Science Team Meeting. Broomfield, CO,
2003.

Shaw J A, Thurairajah B, Edqvist E, et al. Infrared Cloud
Imager Deployment at the North Slope of Alaska During Ear-
ly 2002. 12th ARM Science Team Meeting, Washington, D
C, 2002.

Thurairajah B, Shaw J A. Infrared Cloud Imager Measure-
ments of Cloud Statistics from the 2003 Cloudiness Intercom-
parison Campaign // Proceedings of the Fourteenth ARM Sci-
ence Team Meeting. Albuquerque, New Mexico, 2004.
Thurairajah B. Thermal Infrared Imaging of the Atmosphere:
The Infrared Cloud Imager. Elect Comput Eng Dept, Montana
State Univ, Bozeman, 2004.

Smith S, Toumi R. Measuring cloud cover and brightness
temperature with a ground-based thermal infrared camera. J
Appl Meteorol Climatol » 2008, 47(2) :683-693.

N, BRI WA BT ARRIA LA E S 1 4 5 11
ERELINNZ RE. LA 5HOE TR, 2008, 37(5):761-
764.

N, ¥4 B, % RS BB —fh 7 X
B ks Bl BB, 2008, 28(3):338-341.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Long C N, Sabburg J] M, Calbo J. et al. Retrieving cloud
characteristics from ground-based daytime color all-sky ima-
ges. J Atmos Ocean Technol, 2006, 23(5):633-652.
Tooman T P. Whole Sky Imager Retrieval Guide. ARM TR-
011.1,2003.

Shields J E, Johnson R W, Karr M E, et al. Daylight Visi-
ble/NIR Whole-sky Imagers for Cloud and Radiance Monito-
ring in Support of UV Research Programs // Proc SPIE.
2003, 5156:155-166.

Yamashita M, Yoshimura M, Nakashizuka T. Cloud Cover
Estimation Using Multitemporal Hemisphere Imageries //
Proc 7th Congress of the International Society for Photo-
grammetry and Remote Sensing ( ISPRS04 ). Istanbul
Turky, 2004 :818-821.

Souza-Echer M P, Pereir A E B, Bins L S, et al. A simple
method for the assessment of the cloud cover state in high-
latitude regions by a ground-based digital camera. J Atmos
Ocean Technol , 2006, 23(3) :437-447.

Linfoot A, Alliss R J. A Cloud Detection Algorithm Applied
to a Whole Sky Imager Instrument Using Neural Networks //
19th Conference on Probability and Statistics Sixth Confer-
ence on Artificial Intelligence Applications to Environmental
Science. New Orleans, LA, 2008.

Shaw J A, Thurairajah B. Statistics of Alaskan clouds from
the infrared cloud imager (ICI) // Proc SPIE Conf Optical
Spectroscopic Techniques and Instrumentation for Atmos-
pheric and Space Research. San Diego, CA, 2003.1-6.
Thurairajah B, Shaw J A. Cloud statistics measured with the
infrared cloud imager (ICI). IEEE Transactions on Geosci-
ence and Remote Sensing » 2005, 43(9) :2000-2007.

Sabburg J M, Long C N. Improved sky imaging for studies of
enhanced UV irradiance. Atmos Chem Phys Discuss, 2004,
4:6213-6238.

WY B S B, . OB BRI S .
KGR 2005, 16(5) :629-637.

S

Seiz G, Baltsavias E P, Gruen A. Cloud mapping from the
ground: Use of photogrammetric methods.

Eng Remote Sens, 2002, 68(9):941-951.

Photogramm

Kassianov E, Long C N, Christy J. Cloud-base-height esti-
mation from paired ground-based hemispherical observations.
J Applied Meteor, 2005, 44(8):1221-1233.

IR, B, WAL, bR PLL A 5 IR R IR R AT
TTHE MBS, SR B2 4. 2007, 50(2) :354-363.
Buch J] K A, Sun C H. Cloud Classification Using Whole-sky
Imager Data. 9th Symposium on Meteorological Observations
and Instrumentation, Charlotte, North Carolina, 1995353~
358.

Peura M, Visa A, Kostamo P. A New Approach to Land-
based Cloud Classification // Proceedings of the Thirteenth In-
ternational Conference on Pattern Recognition (ICPR”96).

Vienna, Austria, 1996, 4.143-147.



108

A

%

% ¥

21 %

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Singh M, Glennen M. Automated ground-based cloud recog-
nition. Pattern Anal Appl, 2005, 8(3):258-271.

Calbo J, Sabburg J. Feature extraction from whole-sky ground-
based images for cloud-type recognition. J Atmos Ocean Technol ,
2008, 25(1):3-14.

N4, &, mRER 5. TR S 1y & K= 40 sb
BG =52 BG4, 2009, 20(2):157-163.

Besnard T, Gillotay D, Zanghi F, et al. Intercomparison of
Ground Based Methods for Determination of Tropospheric
Cloud Based and Cloud Cover Amplitude // Proceedings of
11th Conference on Atmospheric Radiation. Ogden, UT,
USA, 2002.

Feister U, Shields J. Cloud and radiance measurements with
the VIS/NIR daylight whole sky imager at Lindenberg (Ger-
many). Meteorologische Zeitschrift, 2005, 14(5) :627-639.
Besnard T, Gillotay D, Zanghi F, et al. Operational Use of
Infrared Cloud Analysers in Automatic Observing Networks
and for Aeronautic Applications // Proceedings of I1IPS Con-
ference. Long Beach, CA, USA, 2003.

Pfister G, McKenzie R L, Liley J B, et al. Cloud coverage
based on all-sky imaging and its impact on surface solar irra-
diance. J Appl Meteor, 2003, 42.:1421-1434.

Smith S, Toumi R. Direct observation of cloud forcing by
ground-based thermal imaging. Geophys Res Lett, 2008, 35
(7.

Musat I C, Ellingson R G. The Use of the ARM WSI to Es-
timate the Atmospheric Optical Depth at Night. ARM Sci-
ence Team Meeting, San Antonio, TX, 2001.

Olmo F J, Cazorla A, Alados-Arboledas L, et al. Retrieval
of the optical depth using an all-sky CCD camera. Appl Op-

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

tics, 2008, 47(34) :182-189.
Martins F R, Souza M P, Pereira E B. Comparative study of
satellite and ground techniques for cloud cover determina-
tion. Adv Space Res, 2003, 32(11):2275-2280.

Riordan D, Clay R, Maghrabi A, et al. Cloud base tempera-
ture measurements using a simple longwave infrared cloud
detection system. Journal of Geophysical Research-Atmos-
pheres, 2005, 110(D3).

Shenk W E, Holub R J. A multispectral cloud type identifi-
cation method developed for tropical ocean areas with Nim-
bus-3 MRIR measurements. Mon Weather Rev, 1976, 104
(3):284-291.

Lamei N, Hutchison K D, Crawford M M, et al. Cloud-type
discrimination via multispectral textural analysis. Opt Eng,
1994, 33(4):1303-1313.

BN, EHY. RSB MIRS s A /i
ARG, 1995, 18(4) :530-535.

Ohanian P P, Dubes R C. Performance evaluation of four
classes of texture features.

(8):819-833.

Pattern Recognition, 1992, 25

Lee J, Weger R C, Sengupta S K, et al. A neural network
approach to cloud classification. IEEE Transactions on Geo-
science and Remote Sensing ,» 1990, 28(5) :846-855.

Bankert R L. Cloud classification of AVHRR imagery in mar-
itime regions using a probabilistic neural-network. J Appl
Meteor , 1994, 33(8):909-918.

UiAR A, A A& M4 J5 i NOAA-AVHRR % 8
WA Z R, KR %M, 2002, 60(2):250-256.

SR k). 26 DR E R A — RO R T k. el
RG24, 2004, 20(6) :689-696.



14 1o R A - A KA I 2 HOR FUR Bk 109

The Actuality and Progress of Whole Sky Cloud Sounding Techniques
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Abstract

Clouds are regular and important weather phenomenon which play important role on the earth’s radia-
tion budget and climate change. The shape, size, distribution and movement of them indicate the condition
of the atmosphere, thus cloud observation is important. Clouds can be observed by means of both satellites
and ground-based instruments. Satellite cloud images provide global coverage data which are used widely in
weather forecast. Ground-based cloud images are very local ones which contain more details. Ground-based
cloud sounding instruments have not been put into actual operations by far though. Some cloud base height
measurements such as ceilometers and the newer laser beam ceilometers are developed in order to determine
local cloud base height, however cloud coverage and typology are still determined with a subjective aspect
by human observers.

In recent years, a number of ground-based sky imagers have been developed due to the improvements
in both hardware and digital image processing techniques. Many well-known instruments are developed and
used for cloud coverage estimation and scientific experiments. For example, the all sky imager (ASD , to-
tal sky imager (TSI) and whole sky camera (WSC) measure visible skylight {from the entire sky dome dur-
ing daytime, while the whole sky imager (WSI) provides hemispherical coverage with different detection
techniques during day and night. The WSI has approximately 70-nm wide imaging bands centered at 450,
650 nm and 800 nm, identifying clouds from red/blue ratios during the day and from star maps at night
(with gaps in operation near sunrise and sunset). The infrared cloud imager (ICI) and the Whole Sky In-
frared Cloud Measuring System (WSIRCMS) are ground-based passive sensors that measures downwelling
atmospheric radiance in the 8—14 pm wavelength band. These two instruments can identify clouds and cal-
culate cloud amount continuously with accordant sensitivity during day and night. Some key techniques are
analyzed, such as obtaining whole sky images, camera lens protection, cloud detection, cloud coverage cal-
culation, cloud base height calculation and cloud type classification etc. It shows that, visible light based
apparatus can hardly be applied in actual operation because they can’t work well during night. The WSI
can provide data at night, but the consistency can’t turn up trumps because of the algorithmic difference
during day and night. Images from cloud infrared radiometers have bad spatial resolution which goes a-
gainst cloud classification. Sensors using infrared detector array can work with no difference in sensitivity
during day and night and have good spatial resolution, but needs improving in stability. Fully considering
whole sky cloud sounding theories, techniques and applications, there are still a lot of problems before
these instruments to be used in actual operations. Their performance should be more firmness. The whole
sky cloud base height should be lucubrated. The instrumental cloud form classification principle should be

proposed to classify cloud with ground-based instruments.

Key words: cloud; whole sky; cloud sounding techniques



