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Abstract The automatic ground-based all-sky imager developed by the Institute of Atmospheric Physics, Chinese Academy of
Sciences is able to obtain visible gray images of the sky radiance in red, green and blue channels. The paper introduces this all-
sky imager system and its capabilities. Radiance, a key parameter for meteorological researches, is recorded as gray value by
the all-sky imager and can not be used directly for meteorological study. In order to extract the radiance from all-sky images,
this paper shows some necessary calibration experiments on the imager system. On the basis of the calibration results and the
projection principles of the all-sky imager, an algorithm to retrieve the relative radiance from the all-sky images is then presen-
ted. Then using the images obtained from the all-sky imager and the radiance at 440 nm wavelength from the CIMEL instru-
ment at Xianghe Observatory in Hebei province (39. 75°N,116. 96°E), we make a intercomparison between the retrieval radi-
ance and the measured one. The comparison results show that the retrieval algorithm is feasible. This work sets up a relation-
ship between the radiance and the image data and it is useful for the image data to be made comparison with the numerical-simu-
lation results and to be applied into numerical model simulation studies.
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Fig.1 (a) Visible all-sky imager system and (b) visible all-sky image
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Fig. 2 Geometrical calibration for the all-sky imager



IR R A R AT O PR R R R 2 R

i1 2Z IR0 Rk A LA g o A S o B 0 IR BT Sk R
FER 8.55, FR Frik M« L & H 7 L7
£ 8.55 MR EMNEL 1AM, i F A
3 AT DM B 15 52 R A7 B 3R B b H bR 1 L
RN BB R ZE A7 AE BRIV RT T H A5 AH
XoF ORI 1407
3.2 REFERE

B MIMLAY AR 1 A5 AT DAY B R A R A
NS Sk LR L 2 21 B L S AL uE O 4 A Uk
Jt e B3k CCD JBE , 56 BH 65 5 5 4 i A5 5
TR A5 5 BT RS/ B e 0 S B Ak, 8 — e Y
T 45 G 1 55 VR QAL BB A B J A7 R B TR S A
TEAHHLIE NG S O AR 2 A S 6t 0 58 T i
PGOK BEAE R s B3 ot o 38 R 3 K B (AR A (R R 48
FETE ] 8 bit ji 5. i KK FE(E A 255) . 4 A4
S A /N ak AT R G A 4 AR AL 1 S B R/ B
113 TR R o i s T A Y L P DA SR AR E
FARMWE W EG . R T RASREE SRR KEZ
] F) O 2 o FRATTAE 150 o 5 B B BRIEAT T 40 #T .
U R —Fh B R4 9 347 0 o 24 50 1 9 L
AT U0 B 6 9 21 A0 I B 289 30 AL A R A 1 B S5 T O
PRI o 30 o 42 1 ARG BR N T R AT B 880 B AT AR AR AN
[F) 2 53] F8)  5ik » DA T 45 21 AN (] 9% 53] D 5 R 1) 1A% K
FEAE S DA T % 42 R 45 AR AS BT 34 507 A AL 1 6 2 %
BAG R o
3.2.1 ARk 1 R R bR

i R 45 Sk — Bl R IR 1 T 3 o 2 B Sk L FE R
F 4R A W BRI AT 43 A B i 5 kS 1) 2
YR R AN T 220« R B Sk bt O 2R e A

—

1.0 + (a)

L y=0.5107+0.49259x -
R=0.99793 i

0.8 o

R (6)
L]

0.6 »

" = Data
Fitted curve

0.4

0.2 0.6 1.0
sin 6/

803

ik G 106 R T T &0 2 B R AN [ 23 0 AR
PR AR R G . — MR AR Sk AR X
TEIH R BCS WI AR M A 5% (Voss, et al, 1989 ; Slant-
er,1980)
a(cos"@sind/0)
fZ

Horbroa JOGRELL 0 g LI A Ffr . AR BE Sk A X R AR
AR 25 A8 B T AU Bk (B r BRI AR 1.2 m, T
FEAR 160 mm) R BE47. i T 8 AR B Sk B A 52
T~ AR S50 R A AL A FR 43 35Kk P R BRI BR O
B 2Bk CRIVR 22 35 KT 1Y 2 3RO HEAT 4R B3R ™
M EG . TR X BURERTE H PAR G IR 2 L
ACHAR Y 8 S 50 R i ARAIL A IR N — T T R
JCU A SIPEAR L DAL A S 22, 5 —J5 il
AFAIL A TBCA 23 60 016 Y5 3t 8 208 4 o PR ot AR 4 BR P4 38 0
PRI S VER 25 . RIS Qi1 sk o AR O JHG At 194 52 56 5 12
TR 3R S 00 K X 25 2 S 90 HL L35 5] 1 RR A8 1l 2 4R 5%
FEOEBR 2 AR T 5 2 LR e 5 . 55 36 B A
BLAZ T 3RO 07 & AR A R Dl /0 AH AL I 4 Ffr 7 A= 1Y
AL

500 A IR Sk SRR A W) (X (2)) L 25
Xof S 36 B A R AT 0 A FATT e B A R A AR A £
MRBE Sk HoZ i R B R(O) 5 (sing/0) Z 18] R I i R 4
MY RRAE (B 3) o 42 R 25 BUAR AN T FH 8505 Al L 3
A 3 A TEREEE 2L (P I 650 nm) L 2% (R I
K 550 nm) , 8 (PO K 450 nm) . B 3 AT
JIT 3 £ R 55 Sk A %8 B A 0 R 2 R(0) 5 (sing/
O) Z 8] 1 56 2% AR A P B 2R 1k 4005 25 R R LR My
fELb 3 2

R = (2

1.0 + (b)

y=0.3314+0.6567x g8

u
0.9 - R=0.9984 ‘_‘.'"

— ol
&
~ },J"
n
0.8 /;/"/V
,,,,r!
. = Data
" Fitted curve
0.7 I I . . |
0.65 0.75 0.85 0.95 1.05
sin /0

B3 ARG MR L (a0 WA, b, Gl IE)
Fig. 3 Roll-off of the fish-eye len in the (a) blue channel and (b) green channel



804

P L B 22 A9 1% 885 4 IR B3 3K R 5L R ()
FE I AL (sind/0) Z 8Ok 2R LA i (&
3b)

R(0) = 0.331440.6567(sind/O) (3
e 0 9 LI AR A« 3t Sl T8 (445 52 6 R R AR
AR AR Sk X 3 AN I8 TE AT A (] 9 T DR AL
3.2.2 AT MR KL Z 1R AR etk ok R

P4 25 th T AL $% A O A2 fh i A B Ol SR
T EURK A RE LR AL T DL . A HER 21 L &R
JRBEAE 5 S 8 2 8] 52 W] 8 4 50 30 A 2 PR A
RIVFE AL R 25 15 D 5 BT 30 s 9 K BE (R [l 2
JE5R 55 KR/ AR AR R . Ik K
{H— 7 PR B b St O U5 B2 B9 5 5 555 o (HIK R
b 5 B AH Z ) A 2 1) B M 6 AR L MR S5 5 JE R A
00T Pric sk 0 AR IR AR S A M BE AR AL . X — ¢

240 [
, e
200 | /'?'/
. T o
= 160 | P
G 120 + ./
80 | /
40 7

0 1 2 3 4 5 6 7 8 9
Relative radiance

Bl 4 EHRIKEEE S5 ASOGEZ [\ 06 R

Fig. 4 Relationship between

the gray value and incident intensity

25+ (@)

®  Data
Fitted curve L]

—_
W

Relative radiance

0 40 80 120 160
Gray value

Acta Meteorologica Sinica S %24k 2010,68(6)

AL 58P FPLAG A R A R A G . BIR T80T
HAPLIM 5 - 438 3H 229 5R ] 8 bit 3L 255 4~ ] 52 B Xt
BEAUE 5 BIRCTR 5 19 B e Rie s 0 F i 22 A2 fk
F1 B 0 A i 3 S PR B

H1 L K EE AR5 A 5 B 22 T8 9 A 2 R e Ak 1
Aoy P BOD B2 S 188 5 JRE 8 T AR T ) R L[] i
82 b 1) o S22 B B9 A A DA 3 — S AR AR T
nRE.
3.2.3  fh EIG K JEE B S D B Y S 38 AR 1

B FHLA H BRI AR K BE R /NBR 5 H AR )
H 558 A A1 L 38 55 AR AL I D I 2 B D't el (i A
PRITT R A G o BRSO i 500 18 A A2 9 7 7 iE
BE 5 RT3 B S L R B ST B[] IE LD o i
A P R /N A B bR T B RN S A 2R AT
BLEYESR /Iy o DRI 4% 1 AR AL A B2 Ol D't Bl A I
PRI S 1] RLARARAE 22 A AN [A] 2 D B 2% F /9 K
JEEAEL PG DA TG RE A8 FR AT — 2H 246 Xof 58 B oK M o AH 5 2
R X A Al R B L K O o AT 8O S A A
S5 A X B (L R Ak T R gt X L S A T O JE
FIRTTHE L

AR ISR AR BOR AT . TR BR R
PRGN A R X8 AP 3 o [R] i 3 45 B 20 Bk Ay
VA IR ST R H A B AR BIL gt D' I ) R BgE D't O B L AR
FHAE Z2 A~ A [ B e 5 P G0 b i BRSO BE AL . %58
B X 3 AR P B HHEAT M. 1B 5 A TR
SE FHAL Sk S Z1 308 T8 A ] 26 O e AR R 1 K BE AR
(AP

80

(b)
| ]
L | |

8 60 = Data
g Fitted curve u
S
©
=40
<4
=
=
<
&

20

0 L

50 150 250
Gray value

P 5 B JBE A S AR NS 5 JEE R 2 0045 (o Z3ALIE , b £03038)

Fig.5 Fitting curves of the relative radiance vs. the

gray value in the (a) green channel and (b) red channel



IR R A R AT O PR R R R 2 R

P 5 B AR bR Oy 4 B O AR R T Y R BE AR, DAk
o U] Ay G 5 B AL L X 7 2 A R T 4 X6 5 B
19 N7 ARG BR A 58 1 2947 AL SR I (] 152 5
1/1000 s, 5618 o F5. 3 W E A 1 AAHXS 52 5,
562 BAT VBESC S HON AR I A X 52 Dy 2, T
561 2T BRI RIS 1/500 s St F4. 7 B i AH XF
SCEEW Ny 4. I S vp e 25 19 02 — DA X 5
1B > DAL 155 0 A ME ¢ B0 K AL 5 AH X 8 B (B 22 ]
HAT B 136 BOMN FOC &
v = vy, +aexp(— x/b) 4
Horb oo IKBEAE .y AR SE . &P A REL
*2,

2 WERK

Table 2 Fitting parameters

S8 {H (8% /4D i 2% (4 /41
Yo -6.90/-3.70257 +1.65/1.64392
a 7.22/4. 62249 +1.29/0. 80571
b -103.36/ - 85.51315 +9.4/5.07823
R? 0.987/0. 96226

b B — A AR AL 4 Y T K 2108 3 K
JEE L 5 AN 8 B2 22 [ S 57 1R 5% 2 AN [l B AR PIL G S
T 5% 2 A AN [R] 71 M T SO kAN (] 9 AR L 2
S N7 A R A B e 5 5K EL 2% R B S B A S 5 3 9 A2
ZRPE RN AR50 B 8 R AT Ob 2 bR E
HA— 2 (MERE » — et 00T il T A — 245 By AR
BLHAE T ZAR TR L A A X (3 3 3l 19 207 A A 20
FAT . FATR T TP S5 A Ak 3L B e+ 3 S ARBIL 331
PEAT AR E 12058 I 3 e %) B R BB SRR
k.

4 IS R K 4 X AR 2 CRE 5T AR

)

Db TARE B IR BE (45 A 5T 06 A % 38 15 A
X ) 2 W) HE 7 T I R AR A BN R
SCHEAT R L 5T 7 1k B2 A P T4 52 38 14 A ) %
2 JIE 5 SN A 2 X B AR AT HERE . B TR
A3 VLI Rk L BTN () A () L B
A

] o 2 B 4 B 5 9T ] A 7 ] S L
¥4 (39. 75°N, 116. 96°E) A — & CIMEL318 Al K [

805

JEEETE B AERONET AU e ) 19 (1% e 00 3ol st
Z— BRHEAT R A N S B iR AR %S
R S R T TR AR K BH 3 P 1l b 2 A HUR A
(fn—3.5°, —3.0°, —2.5°,4.0°, 35.0°,40. 0°,
45.0°,100. 0°,150. 0°%5) L K A PH 25 & BBl 2 A
[/ 77 7 £ 7 1) ( — 180°—180° 2L 24 60 A~ f1 BE) i 4
Xof 5 BE R A . I 00 Y Ok 3% B B 1. 0203,
1.6393.0. 8699.,0. 4397.0. 5001,0. 6748 pm 45, [
KUGEE LR T PB4 1 h ##:47— ) FF m A
S5 e B UL . AE PR B AL AR 2 4 mo iz Y b T i
BT —82RESBUFELE 1 min 1 5K f R A5 %
A . TRl R O S A4 B 48 vy 540 Sy s vt B =X Yy
Fb X RS 35 42t T AT RE

XoF B s 5 B [+ Bk 220 5 ) ] i Ry 422 30T 1) 42 R 48
EI4F CIMEL 8 5% B Fcis , T 2K(3) K= (4) i
VRGO JBE AR s T H A 0 5 AL, 75 5 CIMEEL WL
0 248 %0F 8 BEAE R AT L X . 2% BB 3 4 R A A A i
L PR 0. 45 pm) 5 CIMEL 42 9 0. 4397 pm
VB P 3 FR AT EE LAz AR AT

K 6 iz il CIMEL K 0. 4397 pm $&55 (0 5
P A4 0 T S Y A X S BE A AT T L X O 4
HE TR X i B A X R B TR A LR . e
A ST AR X 58 58 AR (A2 A bR 5 K 8 =5
O 7 s AR A X A e B CH AR ) M S S
ot 0 5 BE 1 BUAE A K 68 52 18] i ROR CHA AR RR) o A
Xt H 25 R O 5 2 FE AR G ks RO E S
Koas 25 BE AR ST T U6 2R L o o 8 5 35 {45 A0 X o 2
FEAE Z [ PR T AR AR 8 1 LU B R R S S 7E
3.0 Ay, BI AR 5 b 2 R K 3.0, MTIAE B CI-
MEL F JUAS WL e i) 4 5 B2 508 o 45 31— A A ) 4
B 30 A o R R T I FR B TR s R B R 4
K23 UG ARAT — > 42 R 25 1 48 52 B A A & Al AT 1
TH T — AR RS BRR AR R R
A7 CRE 38 18D 115 0 7 1) » DA 5 32 55 A 2k 43 A1 15 D
A (E 7h) B S M, E R A5 R H AR B 1) R
[ A N N1 ¢ S il = i s T
BEME 3R 5 92 R R 25 58 B 43 A 18 DU R IR B8
fFa .

LV A MO 4 RS RANE SR 5T 1 &
BT = BRI BY X BT AR AT 0 42 R 25 R R 2



806 Acta Meteorologica Sinica S %24 2010,68(6)

45 T T T T T T T T T T T T T T 9 45 T T T T 9

414 5 114 5

L (@) g —m— Relative radiance | 32 L () —m— Relative radiance A 52

—0o— Absolute radiance . —o— Absolute radiance g/ N

35 - —e— Ratio 1 5 35 —e— Ratio E(. 7 =

i % Vi s

S r \a H0E g b // 410 E

< 8 o < _ o
5 8 = ]

a5 \ 15 g T '//] 5

S N = s —n a—E 0O =

Ll ~ —0—J ~

g N =2 T P

= = 46 g =} 6 g

S 15 F N g =15 f o

~ ~Am, - 4 £ o2 1 B

R —— < %

o 000 0 0 0 0 000 O —9o o {1 =B I o0 000000 0 44 3

12 € 42 €

51 1 ) 51 )

L L L L E L L L L §

3 2

10 30 50 70 90 110 g —180 —140 —100 —60 —20 g

Scattering angle (%) Azimuth angle (°)

6 XS 58 BE S 2 X 58 BE XS L Can KB 328 167 b KBRS B4 1D
Fig. 6 Intercomparison of the relative radiance with the absolute radiance
(a. from solar principal plane, b. from solar almucantar)

——
B 7 4 REs EME () R I 10 58 52 B S E 4 53 10 (b)
Fig.7 (a) All-sky image, (b) Isoline distribution of the all-sky radiance retrieved from all-sky images

e A BT AR R A B R B TR VST BT A B A ADLE B R B AR A T
F W] LA LT (0 L PR I R K Ay &

B R LA AT AR (R I % . 20064, 2006b) 6 P
H T[] — i 220 T B 5 e A s — 7 T AT M T A 5 | 9’
R T 6 R 0 T S L I B4 T R A R
(R AXGIEAT 25 " L) 1 S B 5T A FR A1) S 3 8
22 {9 A~ 51 ) PRV AT X 5 JEE I 38 L0 43 e 21 i
AT BE I 3 F 1L AR W] il % Ml 5 CIMEL
S8 BT UL (4 440,675 nm W I B 4 2 B 2 (A] 1 EE

AKI blue/red
W
T

EHEAT B . [ 8 Hhvask A A Jar LI 3 2005 4F 1 A e

15 H—2007 4£ 1 H 13 HH% K< 236 4004 S
25 4400 A~ 5 1 EZ W5 L 40 b 5 CIMEL 440/675 CIMEL 440 nm/675 nm

nm LEAE A X LEAE A0 . B B H K B (A 3R B8 A Fos MR L0 5% L S

25 8 B SR T A B WA 41 22 18] A BU A 5 S B XU 7 i 21 CIMEL 440 nm/675 nm B4 52 5 W AE A LA
FEAB 8 2 a1 B 0 336 By T TR R 3 R 2 B Fig. 8 Intercomparison of radiance ratio
. . L e . - between all-sky images and CIMEL data;
SEREH T AT AT o PRI J05oHs PR B2 x-coordinate is for the radiance ratio of
Eﬂ’%iﬁ’fﬁiﬁﬁw{ﬁﬁﬁﬁﬁ o X BRI R, 12&@'5 440 nm/675 nm from the CIMEL, y-coordinate is

Bk R LS B S R AT A e R s for the blue/red ratio from the all-sky imager



IR R A R AT O PR R R R 2 R

e ZAR S R TR R RS
T P B L se by b CIMEL 7% 3 B 14 56 50 1 %0 3is
ZIAEATAE— € 1 22 B (H RS FEROCR B AS SO e 7
WL TR AT IR S R 5 JEE RN A A TGk 58 U A 7 1#)
i R N DA i R 2 0 B0HE S A v R A R A
JEAGASC IR S R R AT D FEB AN R — NIk

5 4

KN T —E i T E R GRS BT 5
BRI 1) 4 28 AR AN S I XA 2% 2 5 LA AR 2 6
2 br E MRS bR o TAEM T A4 . SCrph R AR 2 Bk
HEAT T Z 45050 48 1 T — At RO 3 i R
7 st BRSSO T AR AT 0 K R TR S LB
K28 58 BT BN TR L A9 5504 v] 5 L 07 1
AT, IR T /R 2 [ G2 R B A5 B 54T
2 BE ) A 38 N BUR AL T RTRE .l 0 B R
B = SOOI R AR BE I A% R R R AT B AL R
S A e A 0 R R R 4 BB R B R AT A
XFPERIBALFN 30T R R AR R M ELE TR Z
— OB I ST O LRSS R 2 RS MR RS
BRI B R AL AT RE . YA I 4 R A R
A, EER RN T = B, LTSI 4], i B
F ) A EG K BE AR R AT 2= BRI T4 0 {1 3k %%
LA WL b DX A R 25 bR B0 FRR AIE L P28 K 0
ML A BE $R A% — A~ A FEAT R H 7 B {E (Sabburg,
et al,1999) . i F & LA RHME K B2 E Ry Ak #13E Aith
WOHE DL B AT B AR 45 R A 4 . AR
WAERARNELZ G BB RE SRS HELZME
B 1) b B R A R A B A3 A A O 8 A ) S o
A3 AR RN 43 A B A AT A &[] ) 6k 2R ke F) 46 B o
AR B BT 6 KR S R e T AR R g ST SR
BEAI X T 2 K 0 {3 T 5 D T AR % K 2 i e o
JE ARG O 0126 T A SO0 TS 1 43 A RO - DT Dy 326
B — A0 B R T . X o S Ak
HiL XS I I 2 5 B A X 5 R L B s AR A B S 1T
A 0 E, PR A 3 86 Ml X (59 ok 8 0 TR B AR i
AN TR] B ST B AR 0 45 s G 3 1) 1R A O 4 %5, 2006
2006b) .

Bt SR P B e O S BRI A ) 0L i
TR R REN 2R AR B 4E 5 . i AERONET
A0 7 9] 3 £ R 5 5N SR AL CIMEL 0 Ko

2% ik

WIH, Bk . 2008a. 0§25 547 2 KRR 8T 20 A 10 £ e S 01 % f

807

R EG AR . R4, 64(1):31-38

IR, BIR(T, Fl 2006b. 42K 58 2z P R 7 0 B500E A 4000 5
e, HARIF R, 16(4) . 480-484

T4 # A AL 2005, AU TR SRR PR B WL F 9. LR AR, 63
(5):622-634

BRVE . T 38, Ph R W45, 2002 F1 ] NOAA-AVHRR 000 £ #05 52 3
5 SRR VR I — R AR O v AR R L60(5) : 594-601

Albrecht A B. 1989. Aerosols, cloud microphysics, and fractional
cloudiness. Science, 245(4923) :1227-1230

Chambers . H, Wielicki B A, Loeb N G. 2001. Shortwave flux
from satellite-measured radiance: A theoretical study over ma-
rine boundary layer clouds. J Appl Meteor,40(12): 2144-2161

Ellingson R E, Fouquart Y. 1991. The intercomparison of radiation
codes in climate models and overview. J Geophys Res, 96:8925-
8927

Ellingson R G, Wiscombe W J. 1996. The Spectral Radiance Experi-
ment (SPECTRE) : Project description and sample results. Bull
Amer Meteor Soc,77:1967-1985

Frederick J E, Steele H D. 1995. The transmission of sunlight
through cloudy skies: An analysis based on standard meteoro-
logical information. J Appl Meteor, 34(12) :2755-2761

Kassianov E, Long C N, Ovtchinnikov M. 2005. Cloud sky cover
versus cloud fraction; Whole-sky simulations and observations.
J Appl Meteor, 44(1) :86-98

Kaufman Y J, Tanré D, Holben B N, et al. 2002. Aerosol radiative
impact on spectral solar flux at the surface, derived from princi-
pal-plane sky measurements. J Atmos Sci, 59(3) :635-646

Kerr J B, Seckmeyer G, Bais A F,et al. 2003. Surface ultraviolet
radiation: Past and future. Global Ozone Research and Monito-
ring Project-Report No. 47

Knuteson R O, Revercomb H E, Best F A, et al. 2004. Atmos-
pheric emitted radiance interferometer. part I. Instrument de-
sign. J Atmos Oce Tech, 21:1763-1776

Long C N, Sabburg J] M, Calbo J,et al. 2006. Retrieving cloud char-
acteristics from ground-based daytime color all-sky images. J
Atmos Ocea Tech,23: 633-652

McGuffie K, Henderson S A. 1989. Almost a Century of “Imaging”
clouds over the whole-sky dome. Bull Amer Meteor Soc, 70
1243-1253

Pfister, G, McKenzie R L, Liley J B, et al. 2003. Cloud coverage
based on all-sky imaging and its impact on surface solar irradi-
ance. ] Appl Meteor, 42(10) :1421-1434

Sabburg J, Wong J. 1999. Evaluation of a ground-based sky camera
system for use in surface irradiance measurement. ] Atmos Oce
Tech,16(6) . 752-759

Slanter P. 1980. Remote sensing, optics and optical aspects. Addi-
son-Wesley,116-119

Voss ] K, Zibordi G. 1989. Radiometric and geometric calibration of
a visible spectral electro-optic “Fisheye” camera radiance distri-

bution system. Amer Meteor Soc, 6:652-662



