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B H Bl = ST EAFAE R )8, 48— P T IR S R R SARNLRAE H A = s A, =k
WZ, AR A 8 A -FRE Ak & (channel Weighting-feature fusion, CWFF) £5#J, MIfi
IR = JZ A2 B IR ERE R AL ST LA R s KT 55 R ER, SRR AT
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Ve, FELEANE A I B AR ROB H 523 A B 2 I (AR e, I FIF S FZ el
MRS, BEAT T AR e s, 28k N R 25 A 76 b (0 AR [R5 i 2 2 )
GHEAT RO I, R B KA 7 22 (7 VRN 2 2 AT BB AL A ), R SR 2 (K TR A A,
R 25 2 A 4 B8 ke, T 2 NSl e T A 1 3 £ B S B A
Tk, WA T LA B 2 A B B

ST B, HRENTZREI NS AR 2 RS A, DUREm Rt M
s N RS SRR, B — R TR . S RS RO R AR A
ST, HFMEFEL 2RSS, R NIRRT I s R B R G i, 4
AR C BE TR, AR 2 R S B b i S AT RGR IR HT, ATRTSEIL T
1 S RS YA 25 2 A A AR S, IR e T b 32 R SO 3.

FENLES S S I, WF I AR 2 AL G HL 38 2 21 J7 vk, S 3 19 B Bl (support
vector machine, SVM). R[FfEFEFHZ N %% (backpropagation neural network, BP £
4 ST E R, Joshi ZE N HEH T —#0 STmask 1773, % AERET SVM BEL
fI17E 2R F 28T 3 5t R SR T 5, AR & 7 4 800, B N R T — A
TR B ZI BB SR, ZER TS . sesh, At —S e 7T
BP 120 W02 1 A W S0, AR e T MR e i S, R ELZE KT 2 T
THT P32 1 PR B T 2 0 Hh 30 1 £ 2 R 28R

VREE 2 5] R — ik B L 3 8 2R M B 2 AR RV A B R 2 A b B, XA
PEBEAT R B R s, A, O BRI 2 SRS B FE T AL . R L
ELORE S A A Y, IR SRER T MR B R T B SR — 4 [ AN R TR
FE 22 SUM SR, T N7 T iR 9. FEBE G RINRRE" 18 Fl N TR 0 4% 1 3 2 K
M, S2PL T 25 KA (E SUAEL, 1S 55 10 4R RS R Ak B g LA B 1
T B2 AT A H A B ER A B R AR B A 2 2, 1R
PHLT B IBEARIE, HA B %)y 85% b L. rnis NI T A B AR M % (fully
convolutional network, FCN) A4 %f 45 A1 WX 2% 3EAT 2 Ik 1 RFE, B oA I HER R 52 2
90.11%, FEASZIL T SB35 2 I oK DU

SRV FE 2 SI1E Z R D7 T B IR R3S, (R Y R T4 R AL 0810 = B
T 2 2 1058 25 ME LUR ORI (R I 0P, o SR B2 BRI, B = R 7k
BERISEIN, 43 B B 7 R A LA R AE . Bhah, B (8 S B x5 — e 1
SEREIRETR, ST ARG Z /I, WGz AR . Bk, 7
BRURMET, Gi— bRk EUGRRAE, 2 MR B SERRAE (SRR, vk LIk i i, 4
o FRl 8, JRATTHR R TR 8 25 ST 1A K LG 2= L Y, TSR 7
=ANHTH:

(1) fEARTHVLRE R A A, AR SCPAREEZE I E) U B ZS (u-shaped network,
U-Net) Mm% JydEml, 23T CWEFF SHEIRISE M, IoRBUR i 218 SR 3RE,
3| 25 SRS A e A R A AR LR R AE 15 2

(2) 32— P T SRR B E, EEE R SR, A
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WEG T UGS RN & B AT A R, fRE T BRI R RE,

(3) RUGER =5 AT G EHE. = 2R EUGEIE. = 26T B s =Fh
SRS OL N EOE, JTREMEDE BIME. ShABIE. SCHR [16] 7775 FCN. U-Net. U-Net-+4%
Z (MR “+3 7). U-Net+1EE S (FIRR “HEEN7)D. AREN B ETEES
RN = B A LS. SRR IR R, mEIE AR T HAR .

2 o M
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2.1 BUETIRCIEER
2.1.1 #HPFBArE

R A 4 R AINLSAG R NFRLIREEA G —, BT LLUIZRAT 7 @ P g — b 2. &
Je, SHEBN =X R TN UIREDT, a0 R0 LR EALRSRERLFARY KN
N 256 x 256; FLik, BALIRE S — A FE 24 A png BB fJE, f# ] LabelMe A%}
L REZMPUSAGE A oG Z 3 ThRE. AT, RAZHE AR a2, PR
ZXTRAR AN G AGAE RN R N Ah; VB 20 AR 06 GAR IR R Tt F Bt A iR 1)
json A M bR B R
2.1.2 #KAEH%

T EAR I B G B T WS IR, R &Rz AR ), DAS gk
FEARAN S i ) i (EECHE POACER I B, R BENLIE RS “FRe. FE U1 #5507 20, X UG ER
AT AN [FIREFE ) A e AN R4, DAM R BRI 2 61 (LKL 205 285, B REmEH
5 AR —— % AR MG B A 12 T A B AR BB A b B T B B 1 T R A AR
M Bh T4 i B i P B AR B A

s a) B b) BINERRNN: o) BEARIR: d) HIVIBLE.
2 BuRiEE

2.2 =mRRME

TAEIAS R L —AME L EUTS, U-Net & — M5 Lo EIER, FEARFERA
XFRRER I3 : Grlich ) 265 FOARAD IR 26 G i I 265 FH SR ATME BB A 1 1 R SCE R RIS I 4% 5 G i
W28 FEATFR, LA Bl HH U o B 1. @ ke T RAE SRR 5 R AE 4R E,
U-Net AR AEM A B FSUE R, A2 G 1 #8CR. SR AR B 1 /T e 4& 3R F2E
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B & BAE R A WG N, U-Net B8 [ RREE MY AT Rt 2 S 80U (S B s fE S
BE R AR FE I 2 A A AR R s . A g g " sk 2 I AR, 7E U-Net
HENEE T CWFF FRESE A 778, Al T 2 FA M 28 R RRAE 4 B AN e 05T
BRI SRR, DA AE SR R o AR R IR A 1) /. 120779251 2 J8 e d i L B T o
FHIEEE 7 BOAUE, S8 5 I8 R el & PRS2 L B ARRHIE & FE 12 EERHIE. Bk, FRATD
A LLSRAS S INAERR ARG E IRHIE R R, SR TR R RE M. B5 T CWFF [RRHIE SR I 4G
FanEl 3 Fiw.

JBIE AL FHAE R &
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ety N O RelERL

WERE = ORRE—

© Sigmaoidifi BT

E 3 EF CWFF B4R

T CWFF R & RHE Al A S o AU SE INBCER TR B 4 BB 48 I 28 B — 2 S\ 1)
R & o; 420 [hw, o] EMRIEMBR TS, KA 2R R4 8 (1,1, B
#%?Eﬁ% qu:

1
quIhwaZuk(m) : (1)

i=1 j=1
Hr, wy, RRKFEZ TS & ANEIE, ke (1, c). M4 8 lE 2 8 A,
i c MUER s, RN
s = o(wd(wily)) (2)

Hrr, wy LA Fyg N —IREIEREZEIE, w e c/r x e, r B—ANE4ERT, BERKE
ER AR>S, B, I IROE R 6 B YRR IR FEANAR s Bl S PR REAT — IR R
BAE, A5 w, HE, ws € ¢/r x ¢; BIGELEIHRE o, FBME s, PLSEAE 73 B I
BRI 2 AR 3R
W 2 DR LR RHE ) & F, SN BRFERLS 500, AERFIERD & B o oo kT =5
RN EIH— R, [ERHERE F (). BJa, AR ] BIRRHMERE T 0 BARFE
FREERMFH S IERE NG, AR v, 5 F(x;) NS4 Z B 24 1
[ 241, RIEAN:
Tip1 = f(H(z) + F(xi)) 3)

Horb, ay Ay RERORE @ DNRFIER R RS RIC R M AA  H, F 3052 5] B AE,
[ BURRE. H(x;) = x; RontEEEMGE, B2 ST BIRRRIE 0. ZACBEREORAIE 1 B6 R AT



354 x X ¥ it RE 42 %

PLSE I B e AL 3, 3k ] DUSE I 3 N VR 2 25 1 Zre B 5E R — AN 72 81 CWEF it
FEIREL, FhN CWFF J5 i) U-Net SIS UE 4 Fios.

L
BB R CWFF BRI RRE w5

______________________________

BRER %

B4 EHF CWFF $HERIEHIA U-Net 121
2.3 =mEItEE
FoT A I 208 4 RS AL G B AT R A AR B, B e — 2 0 R B R )
REAE R -
Qo0 ap.n—1
Apxn = : - : : (4)
Am—1,0 °°° Am—-1n-1
H, m,n €0, 255), ®—1 a;; #H « My IR, Ba,; = (zy), « FRAHE
FRNRTYERMIME, v RRYHBRESNHER, ie 0, m—1], j€[0,n-1],
z,y € [0, 1]o
mEVHEEH SRR AT BE 7 8], s (5) Frome A Ny HIBME, XHEEL 0.9
(ARSCHL 0.5 AFIGEME, 5K M 0.05, KIEEN 0.95, MBIEIUEN 0.9, =ESRIHERREK
FEARbREED, ¥y >AMa; ENOL), ¥Hy<AWa,; EN(QO0).

1
aij:{ (07 >, y>A

(1’0) , YSA (5)

%%ﬁﬁ%%%%,ﬁk—¢ﬁ%Buw=G>,Eﬁ%mdﬁﬁ%%%@¢mdﬁ
ToBRERREGR. 4R8N0, MAERREGRR, N1 NWHERZEER:

ai’j =a;; X B . (6)
et AP A PR R RS -
apo o Qop-1

Amym—10 7 Am—1n-1
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Apn WIBREA AR 0 B 1 A8, 1 ARBBER, 0 ARREEER.

FEPAEEB B bR CARPUE B RN m x n INIETTR K. sBREal
BAEZIET RGN, I HIE I 2 AR A 5 = R AERE R 2 RN mox n IETT .
ik, tHHEAGERAAEEREHIURE T a7, BT R R ORI S5 R A
P WD EEG], sk (8) Fos. FERFAEFERET, KA 28R fEREAT R, FFER
DT AEREA NI R 8, AR R 2B R S SR EMHUSE T I = B4R,

m

> ia’m

§ === (8)

n\ 2
> (3)
2.4 RKEH
BURRBORAEM A MG IR R P it NS R 5 KL e R W 2R TR, HAE
RN e H TN 45 2R S R RAE R . A8 SO E N — R FT BB kR 8, AT A
RUPEDRAERS B B P 22 J7 AR 2 400 2K bR B0 ) AR B AR i) AL, vy L AT DAAR G PP A I 25
A ZIA) AR A SCH 2 Bt S (8 A I T A o - — 7 R, DR e g —{EAE X
CHEVSERE NSRS

1 n
loss = —=S zilgys + (1 — 2:)1e(1 — ;) 9
085 n;;w gy + (1 — ;) 1g(1 — yy) (9)

R, o NESHE, y, NPIME.
3 SEIG

3.1 SWIMRESHIRE

ASCHrAE A SERRIABE WAL 1. B SLIR B AR RS 1500 FK 7 — & &R EMPLURG
RIS . BRSO S ER, IRx T S AT 2 4
Bro HEAEMEBENLEI 2y 1200 FRYIZAEER 300 TRIEAEE, IZRE W) 150 46 MK
g 8 5k, BRI N Adam, HIEHE2THN 0.000 1, FRKIR 2 TR EIETH 0.5,

R 1 EWIMR

W 44 R [
N Windows 10 IoT {MkAR
Qb PR S Intel Core i7 9xx (Nehalem Class Core i7) 2.40 GHz
BT AT 16.0 GB
Python 3.9.7
TensorFlow 2.6.0
Keras 2.6.0

TEIKAF Pycharm




356 x X ¥ it RE 42 %

3.2 ETHREMRBRSLEERSIT
3.2.1 MR

AR S BRI, SR s TR B, o
— = RORIEFERE N 2 s, Hrp, TP 2R BRI V=B =R,
—T7p PN TN LB REGRINARTER, FP R KRG RN
%z | FP TN Netgzw, FN 2B o BRI RBBE.
RAEVREFE R, FRAT] LLAR 2R &= ) 2 (pixel accuracy,
PA). ZZJf It (intersection over union, IOU). P35 It (mean intersection over union,
MIOU) 23 4 FE 5.

G EUERR (PA) HEH A

*x2 REEM

Mzwyﬁigﬁmf (10)
I (T0U) itE AN
]OU:FN+§Z+TP' (11)
PR (MIOU) tHE A
MIOU = — y P (12)

k+1;FN+FP+TP ’

3.22 FRLERSM

SEIG N EL LR U

(1) [ R, B A e 208 i B R S FE, T A I S B e 2 S AT A U
BRI

(2) BhAEIME, RPN/ XS B R BRE 0 792, AN R X R A AS 8] 1 4L

(3) SCHR [16] J7i2:, BIZEFeid = B AR b 22 I 2% (1) 7 25

(4) FCN, HI @R RmER e Mg a2 8GR )E, JhEd RIS 56
AN i ae e b EZS DL

(5) U-Net, BJJJF45M%5.

(6) +5%2=, BIFEJRLE U-Net g5 t3EnE Ehn k2 bk,

(7) +1E7E S, BDVFEJRSS U-Net FIS5MFERE ENVER L.

(8) A3 Tk

TR W6 LU IR FE 2 3 53, B (3)—(8) # i 6 FhJyid. [ o2 BB AN 5h 26 M
BT g EIE, WO T 3.3 XS Esiae .

X3 BH T = MIE fa AR et 45 R, T LR W, M B SCER [16) BT A, FCN,
U-Net. +5%E. +HEE, =EUTFE LR PA FabsMXHETH T GEXHRTRI (A — B)/B)
6.45% 2.29%. 1.19%. 0.79%- 0.87%, IOU #&hr A3 TF 712.28% 4.53% 2.34%.
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1.55% 1.7%, MIOU 3t N $2TF 12.28% 4.51% 2.33%- 1.51%. 1.68%. W] LLFH H,
AT IE T HoAh T 7%

=3 TRNIFNIERREE R

PA IOU MIOU

li] 5 R EL — - -

FARE — - —
SCHA [16]  0.9316  0.8760  0.5840
FCN 0.9695 0.9410 0.6274
U-Net  0.9800 0.9611 0.6408
+HZE 09839 0.9686 0.6458
+VER) 09831 0.9671 0.6447
AL 0.9917 0.9836 0.6557

Bl 5 R A ZRad #4525 pR BC& R B SO SCHR [16]) H R loss fEAE
TREE] 0.2 EABMAE T BT FCN. U-Net. + 2. HERNEE TIHIZ M %458,
FITLA loss WS ZEA K, (HRRATLE H+58 2. HER R4 R T FCN. U-Net; A
SO R AR f

1 21 41 61 81 101 121 141
epoch

Bl 5 KRR

3.3 ETzHRNERENZEITELEERST
3.3.1 ABHEZEITHEI S

R TV AR B = B RS &, AT 300 sKINALE A BI5R 4
FIH B oA AL, FEIREES 2] 5k, BT SCHR [16] AR RFAEBEAT 17 5 () $2 G, PR AH
BT HAMRE S )7, HASE B fERBINEE MR EZRE A F, FCN R LT
U-Net f5E0E R AR AR I B S RS R, 183 7 B RTSZemK1-, RN
3.53, IXFRAFUESL T A SCHTHE H A S8 7 VA A
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x4 FAMNKENHRERINEINZEHERENE
Jiik BB shASBME  SCHR [16) FCN  U-Net +3% +iEEN AX
XA L FARE (LX) | 20.53 19.72 9.06  4.65 5.06  4.29 442  3.53

3.3.2 WA FT T RKES =2 H by

NiE— P IRUE AR SO A B, ARSCEE A 300 FRIHRSE sk tH 2 B4 AT G A
R EUGEHE. = 2T EUREE = B LR AT B T s AL = &
HHESLIGSER. mW M EGERE LK, AR RS e Ko G A
NHREZEG, B5 5% HMEZRE: =26 EGE E 2 KBHTE 2 5 I 1 sl
WEX, HHFERHA. B 6—8 MK 5—7 A HEAFS R FEE, L5 mE. [EeH
fH. Zh&BME. SCHk [16]. FCN. U-Net. +5k2%. HEBIIRAL =8 IHE ARk g5 5
Mg HER S GHETARK 8). BRMEFZE PA GFHEITI (10). Ms & 5K
PRy (%t 22D, X EBRATHE EER, GRG0 1 A U
2, mEIMESEREHENEEHFET AR,

LR bRTE

1 7
B 6 Z=EASHBERAT=RMNEIRERIEXS

rFar r

?%ﬁ& IE@E EIENEE SCHR[16]

KN U-Net +£% HER T KL

7 RERSHEHEATRME RIS
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BRIRE I 5 1 {EL LI

o6 |6

U-Net +5kZE +HEE T

B8 ZTEABTFMERTENERLIS

x5 CTEHASBEATZENEER

Jii: LxbrE FERE SISRE SR [16] FCN  U-Net +5k% +HEEN AL
%3%%?%% )| 2289 8T 53T 2975 234 1833 2670 %84 2411
XT?Z;%;E 0 1489 1082 686 245 456 381 295 122

%i{;ﬁ/@f 10000 7690  76.89  90.80 9407 92.93 93.31 9338  96.06

®6 TEXDHREATZEHESR

WaRrS LFEbE FEERE SIASRME SCHR[16) FCN  U-Net +ik% +HEEN AX
%E%g%%) 9044 0474 8670  93.63 90.05 9146 88.08  92.63  89.92
ﬁggig’f 0 43 3.74 319 039 102 236 219  0.52
%i’;%@f 100 8457 7432 9580 98.13 9565 9625 0480  98.01

®7T SEARTHEATZEHESR

Jrik BXAE BB ABME SGHR[16) FCN U-Net +3%E HERN AN
%EE%;F%% ) 26.78 54.01 40.56 38.03 2897 26.08 26.85  27.83  26.53
ﬁg,;fg’f 0 27.32 13.78 11.25 219 0.7 007 1.05 025

%iﬁﬁ% 100 66.26 70.54 89.70  91.39 9224 9456  92.82  95.93
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Bl 6 FIZR 5 A T =B B0 A B EUE T &F A 7 et el DUE H IR H
AT OL NIREE 5 2 Tk AR AR ST ik, SR [16] R 2R =25, SREE X
ML RS 12 2GR MEFRHMER S E M4 (W1 FCN Fil U-Net) #0] PUR 4T Hid
JE 4= R FHN U AR R FEAREAE s (HASCT V50 4 R B MU R 408, B 246
Xof 28 RG2S A B e

Bl 7 MK 6 a7 2 R AmEHREEE T &F o Tk . il Tk
GuTIRRNIR L 2 S T E A RIR R B 7 JEE R EAESRER 1—5 AR EERY, [
EBE. BIAEBME. SR [16]. HER B E TR AGERY 1 RRA Kz, M FCN,
U-Net. +587%. AICTTEHE AT LLRAIH K. {H FCN 777k PA #08& Fheik N 98.13%,
HIEAEMZEW IR/ A 0.39. ATTENIRT FCON J5ik, 4338 98.01%. 0.52.

TEnm B EH, KBHTEE 2 5 BRI I oK i B X S SLBCA L, an e b 25X
— ) SR SRS 2 —. B8 MR T AT BT EAR S SR A
Mo ent. IWE 8 il LA H, fEHAT KA TFIIE T, [FwRE. ISRME. X
R [16] J7iE AR R HER 2 OR PR AIK. 17T B TR )2 X 465 445 g 1) 4 28 DX 288 A TH 3R 300 LR A S D A
MER, BIR+IRZE I IELN Z /NN 0.07, (HHE PA HEHR N 94.56%, KT ALTTER
95.93%, 1] BE 5L Rl 5k 22 7 — 4 RS Bl KGN R =, SEOLHER AKX
ST A5 22557
3.4 % it

B4 R AR H ) 2= B S e, AR SCHR H — b TR B ) 1 4 RS ML U
HiE = ®itEEA, ZEEARH CWEF FREFRENES K, DA SRASE AL [ R AE 2 ST RE ) M = A
MR g R BIR, AR IEF ST, SRR PA 5 0.9917, 10U
N 0.9836, MIOU 5 0.6557. [FIf, ZAEARH T —FfE T 2l =&t 55k, =
BIFHMPI A4 20 3.53, SRR ANE U BIAHELL, A RE T, AT
HIH) 2= SR 7o b AR — S iR, (HAERA B TR 2, =BG ATERA T
W, CLHERAR BRI 5, BE6 SR B, R 8 TR 2l T O LI ZRlr i H AR, 38
IS 2 S HRIE RS BB R) % 2] .
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Research on Daytime Cloudiness Calculation for All-sky

Camera Imagery Based on Deep Learning

CHE Lei', LI Lei-lei', LIU Li-yong?

(1. School of Information Management, Beijing Information Science and Technology University, Beijing
100192, China; 2. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101,
China)

Abstract: Cloudiness is one of the important evaluation parameters for the site selection
of ground-based photoelectric telescopes in astronomical field. The traditional cloudiness
calculation method has a large deviation in the accuracy of cloudiness calculation for all-sky
camera imagery, which is difficult to meet the actual demand for the accuracy of cloudiness
calculation in multiple fields, and there are some limitations in its detection model extraction
capability. Aiming at the problems of daytime cloudiness calculation of all-sky camera imag-
ing, a deep learning-based daytime cloudiness calculation model of all-sky camera imaging
is proposed. In the cloudiness detection layer, the model constructs a Channel Weighting-
Feature Fusion (CWFF) structure to enhance the cloud memory and deep feature extraction
capability to accomplish the cloudiness detection task. In the cloudiness calculation layer,
the model proposes a cloudiness calculation method based on the cloudiness detection model,
which effectively improves the error rate of cloudiness calculation. Experiments show that
the combined accuracy of this paper’s method in the cloudiness detection task exceeds 95%,

and the average absolute error in the cloudiness volume calculation task does not exceed 5%.

Key words: all-sky camera imagery; cloudiness calculation; deep learning; U-Net
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