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Abstract

Abstract

In the field of astronomical observation, cloud cover is one of the important factors
affecting the location of the observatory station and the quality of visible light imaging.
The all-sky camera is one of the current practices for measuring cloud volume in the
world. It has the characteristics of automatic observation and low cost. However, the
existing all-sky camera system is less robust, has a weaker adaptability to complex
environments, and lacks post-data processing capabilities. In response to these
problems, this paper designs and develops an unattended all-sky camera system suitable
for high temperature, cold, high humidity and high corrosive environments. It has
functions of self-photographing, remote data transmission, data processing, etc. On the
Xuelong polar scientific research ship, the 8th Arctic expedition and the 34th Antarctic
expedition were completed with the ship, which fully verified the reliability of the
equipment in extreme environments. In addition, post-processing algorithms and data
publishing sites were developed based on cloud image data captured by the device. This
article mainly includes the following parts:

(1) Hardware design of the all-sky camera system: The hardware structure design,
hardware selection and hardware integration of the equipment are completed, and the
reliability of the equipment is checked to ensure that the equipment can work safely and
stably. The all-sky camera system is mounted on the Xuelong Polar Scientific Ship, and
the ship is voyaged and photographed to verify the system performance and obtain the
full sky foundation cloud image data.

(2) All-sky camera system software design: Designed observation components,
storage components and maintenance components, and written in C# language. The
software is deployed in the industrial computer of the system to realize automatic
camera shooting, data storage, data transmission and other functions.

(3) Design of the classification algorithm of the full-sky foundation cloud image
data: data analysis and manual annotation of the full-sky foundation cloud image data
acquired by the system, and the Xuelong full-sky foundation cloud image data set. The
data classification algorithm based on convolutional neural network is designed, and
the model is trained and optimized based on the data set. In addition, the all-sky camera
data of the Lijiang Astronomical Observatory in Yunnan was manually labeled and
preprocessed, and the data was used to verify the model's heterogeneous dataset, which
proved that the algorithm has good mobility.

(4) Cloud point automatic recognition algorithm comparison: Based on the system-
acquired cloud-based full-sky foundation cloud map, the program is written in Python
language to verify the cloud point recognition algorithm, including fixed threshold
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method, adaptive threshold method and k-means clustering algorithm. Compare and
summarize the accuracy of the three algorithms and the applicable scenarios.

(5) Design and implementation of the all-sky camera observation data release
platform: using the Django, MySQL, HTML5 and CSS3 and other technical design to
build the Xuelong all-sky camera observation data release platform, providing relevant
researchers with convenient query, view, download Xuelong full sky foundation cloud
map dataset web service.

Keywords: All-sky camera system, full-sky foundation cloud map, cloud map
classification, cloud volume analysis
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Fig. 1-1 XuelLong Polar survey ship

1.2 ERSMAZINR

RIUA R 2 UG A RS = AT, ImdeiEsk, B RE R &M
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THETIONE, X A 3 B 3 B IR JE K 2R R 4 R 2 B A (Whole
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ASD BL, i [E S GBI 9 R B 3 4> K 28 25 E 30 & 4 (Total Sky Cloud
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Fig. 1-2 All Sky Imager and All Sky Images(Shou Xian, An Hui). a) All Sky Image. b) All Sky

Images

a) TSI 1 7% b) TSI %
K 1-3 TSI AR B v LSS i 4 k2 B
Fig. 1-3 Total Sky Imager and Total Sky Images. a) Total Sky Imager. b) Total Sky Images

FER SO T 1, H ATt I EORH RGBS 7 AR, i T8 R
Bi] 25 % 1 ftg 20y R i1 49 257K 52 & (Las Campanas Observatory), o T35 [ 3V ) 35 1
M P 5 T L L TP R 4 5540 Wi S /R R SC £ (Fred Lawrence Whipple
Observatory), £ 73 [ 7.1 5 8 p J A 0 (1) BRI B 52 K SC & (Kiitt Peak National
Observatory), LA K Bk g 77 K 3 & (European Southern Observatory , ESO)fE i 7
R Z AR L, XK RSB R T H FE WA KA. A X 4
FAHWL R GUARHEC & 7 AH N 1) WX st HEAT (5 S A TF, T8 U 17 9 02 AT DASR A% 4 R AH
WL — B ) 9 2 P, e L AT DA 12 X 3 B i) N 1 o f A 8 B 3
AL . (HIX BB A& A AT A AT, AR WA TPt =, Bk, W
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a) WSIRCMS 1% #% b) WSIRCMS {4
1-4 WSIRCMS F4ES B BA R AR i) 4 R 25 R
Fig. 1-4 Whole Sky Infrared cloud Measuring System and Whole Sky Infrared cloud Measuring
Images. a) Whole Sky Infrared cloud Measuring System. b) Whole Sky Infrared cloud Measuring
Images

] P () RSO 535, A9y 1 A U3k o R0 35 5 VA ) 3 5 4, 4R
WA B ERT A RAENLR S, WL R SOOI S: R B §E EOS 600D Fid 1 £ AR
BokiE@ T HOWARMILARS, RN REGIEWELT . . S5
i R HLFIRE AL RSk P52 AN R 4, I BB A ARM 55 HLiE T4
W, EmREMERE, WA T KRGEMREtE, £ 08— 1 IR
HEENF—4 1 3] 2 M, FINTTRSCE KA EOS 5D Mark 11 5 dHALAE
A& EF 8mm-15mm F4.0 B fE RG-S @ 2 R RS, W 1-5, FFRAAET
BRI 2 10 B 3E N AR, Wil a RoR s, ST = B R
AbERIA, AR, H AT A R AL R G B SR B R 2R B 2 B R B [ RS,
FOEMEREE 2, JF HAESRICER 5 AR A R &SR e . Bk, —&
EREPER . BERIAE 7RI R A& S RO A FE AR 1 B B A R AL R G AE R S

a) R RICH 4 RAHL b) 4 RE&
1-5 BRYITT RS 6 4 RAHL B S 3035845 2 1) 4 R 25 MR

Fig.1-5 Shenzhen Astronomical Observatory All-sky camera and All Sky Images. a) Shenzhen
Astronomical Observatory All-sky camera. b) All Sky Image
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Fig. 2-1 The sailing route of the XueLong. a)The 8th Arctic sailing route of the XueLong. b) The

34th Antarctic sailing route of the XuelLong

P 2-2 &+ FE185C086HA-1 ffi Rk
Fig. 2-2 The Fisheye Lens of Fujifilm FE185C086HA-1
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a) QHYS5111174 AHHL b) Sony IMX174 Exmor CMOS {4 1% 2%
Kl 2-3 QHY5I174 S HRFH ) CMOS 5 A% 1%
Fig. 2-3 QHYS5I11174 and CMOS image sensor. a) QHY5111174 camera. b) Sony IMX174 Exmor

CMOS image sensor
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Fig. 2-4 Equipment design
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Fig. 2-7 Performance changes of all-sky observation equipment in low temperature environment
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Fig. 2-8 Performance changes of all-sky observation equipment in high temperature environment
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Fig. 3-1 All-sky observation equipment software system
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Fig. 3-5 Data flow of multiple backup strategies
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%5 AlISkySurveyService 25, F T4 2 AHH LR & A% i AHATL 41148 - OnStart()
BRI T AN IR IR AT I 4dr &5 ChkSrv() e B T AW Cisit EALE &
FHAHMLIERE ;. OnStop() ek £k FH - Wi H S AHMLINZEHE . ExposureComputer 2]
S %0, EERECN A 31 2500 57 R % ComputeExposure Time(),
FEINRE S 3.2.1 15 HH R 2 1 LU 5 - oy #5275 ; DoComputeTest() 8 £ &
THE G IR IE R DR A U ER .

ComputeExposure Time(List<Point> parray) g8 4 :
ZHH . List<Point> parray—— F{& = FEAE 51 %

ExposureComputer &35 € LU T :

class ExposureComputer

double minDurationTime;

double maxDurationTime;

double targetBrightness;
ComputeExposureTime() & H 48 /A 4 R -

public double ComputeExposureTime(List<Point> parray)

{
if (parray.Count < 2)

{
Console.WriteLine(" s % & /NF 2, ToiEdHAT 26 M R a™);

return O;

DoComputeTest () B8 ELE /A U0 T -
public void DoComputeTest()
{
CameraController cameraController = new CameraController();
cameraController.Connection();
List<Point> array = new List<Point>();
double brightness = 0;
double exposure_time = 0;
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K 4-6 /b ISEG

Fig. 4-6 Typical image of cloudimage
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K 4-7 ZmRIMAEIE

Fig. 4-7 Typical image of overcast

432 PRFENIBR

U AT 5 2RI — 5k G 8 T8 — 2 B R E A S — 2K HY) . — &
KU, YRy RELE T THRHME, 1R SBRHE AL R AR R AEF5 # (Scale
Invariant Feature Transform, SIFT)SI. 75 [ B B /7 B (Histogram of Oriented
Gradient, HOG) 1, J&#s —fEi#= (Local Binary Pattern, LBP) M4 ak# 451E 2
STEX A EG AT 2R ER, REMEH SRS, 0 K-HiE4A (k-
NearestNeighbor , KNN) P8, 7 #:H &4 (Support Vector Machine, SVM) 129
SETEAT FIWr o I BRI THLAS 7 T BRRIE 7 =) RIE T BN E R 7 KA 55
HRRAE SR =90 vk, ARR L B2 B0 6 5 1R 4S5 7Y (Bag of Words)« TR % 2% 3]
FR R SEL20],

AT I 3 27 1R B 7 S R R i O I . R ) P T
2006 “FH Geoffrey Hinton 5 AN$2H, FHX TG = I, IREET]
DAAEMLES B 252 5] s e AR AR IE P2, R TE R 1) S T 43 2032 1h 1 B A
B, AR T BB N T REHERIP IR, B DT Rk e ik . i AR
AL A2 e () 2 A Z M 4% (Convolutional Neural Network, CNN) 1E Jgi& &
S ) rh— o B L O AE AR R R ST A A BRI S, T DL E R BB
G2 mAE RN, B GRIEBURA ARE, I B 4a. TP, e 5%
AR AT A, AERGEZ AR G RPARAUE L =450, 7] LR IR
IR I 2% (1 SRR ), AR 1T RO G ) TR BRI T 4P P 28 A B () S AR

CNN BB Z ZMZ st HT G o 28 HIEAR LM E BEaEERE . ik
ER4 %R 8 85 (convolutional layers) #& CNN k%0, FEH T E1#%
RFIESR I . AR i FH 2 MR e RSB S E— 2 A BRI T 6
SIS, 1932 REHEE . GRS H RS LS RUZ IR N B I AL bR 1) 5
[ E, SN B IE AT BRI, FEE ST IIE S, 7T LMAR 2] —A
TR, B0 EE S BUZTE N B AN [F) 23 A7 B e B 27 25 R
BAEWNE 4-8 FioR.
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K 4-8 BRI R R
Fig. 4-8 Convolution operation diagram
A (stride) RBEBZIT AR, SR RSSO RE 1 H0E
B R i AN 7 RS 556 83K, BRI N 38 83K, 2 stride /v 1
I, FRKIBREERRAEN A BE R RS 1 MR, R&5mt RN 2
3>3, X stride=2 I, i B v RO H22 2>, farth B R AT BUE g LR A 50
i

_ x—k
stride

(1)

X y—an itk B R
x—Ha N B RS
k — B HUZ IR
stride HK.

M (4-1) FTRLEH, B RA—ERGRRERKEGIEREE, FIER
BEE R AEER, 2 BHC A VALID”FI“SAME”, “VALID” & ANid i1 2%
BORER 77 2, ot BRI AV TN R IR R 5, “SAME™ I 2 liid i 2%
R 7 20, i UG 0 T AR g N BB 18 3R 58 JE DR R [R] 55 R /N8,

FEFRZE T, X ABEAT OB, SRANG, St E ) — N0 ek % (Activation
functions), B EGAR JE 5 10 H 2 S IS0 B 48 05 B AL Re s JE P ERR I 5]
ANZN g, N ARG A 22 5] | BR AR R 2 AR M s Bk 2 A+
Sy EERIVER - % F IS R B0 Sigmoid!21p8 %7 . tanhBE g H0f1 ReLUBH g %
ReLU J& a4 808 F FIBOE R4, e Rk A0h:

f(x)=max(0,x):{O x<0 (4-2)

X x>0

FHEL#E Sigmoid AT tanh, ReLU ELA 41 FAR A
1) B X 28 AR I 2R3 2 B PR (i 8l
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2) HRGM TR R, AN NE YRR, AR AR A
7]

3) WAL T ETILZR, A ML RERIN H BT 1 e

4) AEFEM L B R FILGE ). ReLU A& A HE T A KA Z 6. M
ReLU e EU LB AR |, BMAENTE, ReLU sEH s B &=
2 0, ZMETOAEIB LB, WETCARBIE . EROHES, RARA
BN IEE R Te A S e, Rk, Mg M ag B Ml . RPE0E R E 0
B> T KRBTSR, 8025 I st F2 58 v R B Rk

MAL)E (Pooling layers) —f&H FHFAEEMG R T RAE, 7EORBE £ EARFE R [F
i, AT —ERSEA R, BRI S Wi Ty o A oKl
k. (max pooling) LAz F-153t4k (average pooling). U1F 4-9, KA 2> K/hiifbiz
BEAT AL BRI R = A

1 2 5 6 4 8 1 2 5 6 3 7
3 8 3 a4 7 8 4 5
1 1 3 2 4
5 5 7 6 8

max pooling average pooling

4-9 B Kt AL AT il s & A

Fig.4-9 Max pooling and average pooling
42iEFE)Z (fully connected layers, FC) — M Z ML LAk, EBENEM
PRLE WA 28 RS SR 73 R IVE T o B ARZ « AR R A0 B8 K2 S5 R A 5 BURFAIE
PRI TAE, MREE. DR EEREAT RN, 25 R A A 2Rk
B AR . AR WA 22 2] B RF AL AR A bR il 22 (Rl BEAT X LE, FREEA]
Z B FRTRES 9C 5 T S8 BRAEAS [ 7 AT 55 i3 SR AE SE PR A AN AT LA
A2 TR Ty SEDL, WAl BRI, X B~ ERER R4
EEARJE T VAL GRS how B4R, h A w 7350 9T JE SRR A R A=

s,

4.3.3 EFMEZWLEIERIN4E

AlexNetB3y Hinton FlAih )25 Alex Krizhevsky 3L [E i1, ‘E0K CNN )3
A JEEE N B T RIRAR SE M 2% R, #E 2012 (1) ImageNet EI5 5285w 38
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AlexNet LLE ELHIRIFTHZE . A e AlexNet HIJE & T AT B AR 44 1%
TR, SEIR @ AW IR, R ARSI 4-10 R, B
BEHWRER 2, BEREARINNA 55, BKA 1. BIEREEREZE KA
3*3, KN 2 MERKIMLE, ZEEERANSIERE, MM 80nk 384
1192, SoftmaxB4ZE7E M 4% (1) e AR ity , T 155 20 4 H A FORE R AR, JEARYE
NEZRAB () RN E B A 7 R R o BN 2 0 40 452 25 I R I ek 4
ReLU, CNN P£5 7402 5 & 3k 4-1.

A =
‘TWJ)\}A’ . Convl : Pooll : Conv? : Pool? : . A
Locald: 1924MP%E 0
1001003 100x100X64 50X50X64 50X50X64 25X25X 64
Local3: 3844 fh&EoG
softmax_linear:

63

IT——j|j|| —=—

5355 R 3XBAIIE  S}OWEME  3X3fkibik X AEE softmaxfh
Stride=1 Stride=2 Stride=1 Stride=2
HH HH
4-10 A FPP L4 28 1) 45 14
Fig.4-10 The structure of a convolutional neural network
* 4-1 CNN MBS 5 B

Table 4-1 CNN network detailed parameter configuration

Layer Input Kernel Stride Output Parameters
Convl 3*100*100 5*5 1 64*100*100 64*(5*5*3+1)
Pooll 64*100*100 3*3 2 64*50*50 0
Conv2 64*50*50 5*5 1 64*50*50 64*(5*5*64+1)
Pool2 64*50*50 3*3 2 64*25*25 0

FC3 40000 1*1 1 384 384*(40000+1)
FC4 384 1*1 1 192 192*(384+1)
FC5 192 1*1 1 6 6*(192+1)
Total — — — — 15542790

4.3.4 BUIRTIALIE

FEXTHAR AT 7 N GRZ AT, AR T SRR A AN ER, IR KPR EEI
BEAREE, TEHAT IR T A

(D K53 I ZREE IS o W4 KA AT N TR AR, TR
PIZRAT . N TAREE s 4L 6160 5K, FHorb overlight (1124 5K). overcast (1128
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5K). rain_snow (1117 5k ). cloudimage (1115 7). dark (1119 5K). bluesky (557
k). BENLIEHAL bluesky500 7k, HAREEZE 1000 HRAENIIZEE, & T EGIE
£, MRASEAIN I A 2 SR, MRASE G A T XA R I 2k, AN T3
W AR 0of A R AR ) o SR HE R

(2) FREURMBRX 4 (region of interest, ROD. 1000625 K/ &4,
DA 0 A FEHEREATHBT, Z2Miim TR (5 8., 753 800>625 )% H g (1
K 4-11).

a) HBTHT R b) #B 5 KK
K 4-11 K ER BT EBTER I ROI X R A
Fig.4-11 Crop all-sky images to get the ROI. a) Image before cropping. b) Cropped image

(3) HEsE (Data Argumentation). 78 A2 FEUE & 1T LA 255 E A7 3 40
BURHRA . EBIRERVNEL T, W POEE BRI R 7%, 7R RIS
FFAEANAR B Al E oo PGB HEAT T LA AR e, RGN B s & . 32 BB I o P A
F5 ek [ A% # (Rotation/reflection) . BHEE AR #e(flip) 4 A8 #(zoom) . “FF548
i (shift). B2 H(scale) . %o Eb B A8 # (contrast) « M 75 3 (noise) il {448 4 (color)
o SEEBIREHIE, AT UIZRAER BT Bs i s i) 5% e xR K
BmFE AR, U A by Fl R A F AR, BBTR/N R
700*550pi [X35; Fil o4 #ARAE, R8RS 78 10 £, Bk 4-12 fir
N AT AR UERA T, Ak, had, AT, A B U R SR ET S
HIEIME, 28 AT RN B8 —AT BUER AT 2 A B AR e 15 20 BUR . W EeE B D )
bluesky 28, FEZ4R FaR#R ARl 5K frfy BUR I HEAT LT 804, HASEIER
10000 5k K, AT TR I 2R it & M A A AE SR b ORFF I

(4) P AE UG LG ol AR TR R, BBT R/ 7005650 FYIX 35,
PRAE VI ZRAE USRI I XE PG A fin A\ ASE 2R s LA A [R] i RO AT B A5 2, 32 il
AERAZ
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4-12 At sR i A os
Fig.4-12 Data augmentation example

(5) /A python BIZE =777 cv2 H 1 resize() bk HOR B A & 39 48 150N
128>128, @y EHR R, R ZRdH,  PRARARR AL R s 2 it
HRESIMIF K.

(6) FEEIGERGEIRE S, FEENZ arxt ST RN, KN
100100, #EEAA Y TH KT (128-100) *f%, )5 FHdHTHENL BRI, &%
PGRTLERE . SERE WANRE . BifARefl, 32Dy KR &E. (M Lk dE 1y
ST BOR A BRI A IR, STz AL RE

(7) X G HAT ARAE AL AL BB, W] ARG N BRI TU AR, 25 B NS
AETR RIAE SR, E R 280 B B VG R AR ARG . 32 B A R 3K

. ing,, —mean
m [ 1 E———— 4_3
Jou adjusted ., (4-3)
adjusted =max| stddev 10 (4-4)
VI e = " sqrt (NumElements )

L ing,—HAEE 1 RGB = @iE4 F1H;
mean———JEIE G R HIIIME;
stddev—— = JHIE G = bR E %
NumElements—— = BB % H G R A H
KIG 2 prde b B ), BP AT 4 N B8 34T I ZREsam «

435 HFAZMNLZIER) %

g ERBERy, i— 2 KM (batch=128) # A%, X464 batch it
SRR AR RR I AR AN RS, 2 el S AR R AT SRR R, e iE R HBE L
P BT B2 BB X 48 4

e Zrid A2, B IR B3E i, k18 (loss) & TR (Uil 4-
13), #Ef®R (accuracy) AWr BTt (Wil 4-14). K 4-14 7 LLEH, fEEE
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TR/ RAE IR DL 7 ST 2B LT, B2 loss BT F2 R 1%, ZEVIZRIEAIREL
(epoch) 1A 50 5, FREEEIHEMSE, BAZREISG 2 epoch 1IAF] 100
I, loss iIZ# T T 0.15, FHFAFEA R TR, ARSI, IIZREE LA
£E 1 accuracy BEAAFAA B NMIE . #E epoch X% 50 2 J5, ML accuracy iZ#T
T FRa, IIZREE accuracy TE 95% 5 100%2 (B ANKIR ), X2 Tl g K15
TERI N BT AT BEALIN LR L S AR 3 S5, S EUE URTIE R, 1
R e A FTA ol e I B EARE - VIZRTE epoch 1A% 220 2 5, Wk
£ accuary F2E N 95.5%, ANFRAED, FoRBER CAEL

— ftrain_loss

0 50 100 150 200 750
epoch

K 4-13 Il gk R P AR AR 1 fh 28

Fig. 4-13 Loss curve of training

- r ' ||_”| | | I|| Y
097 4 Iuthlrlkrl["haulllll‘!ﬂ \___| / ir‘]t- 'rfll ﬂIJ ] rr ”‘I"" ]L ||1|r’ N
0941 Ny I

091 | "|'
= [L88 - |II

— frain_acc
test_acc

0 50 100 150 200 250
epoch

K 4-14 2R e R R AR il 2k

Fig.4-14 Accuracy curve of training
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436 LIGFEHEE

AT E B RS KRB EE R, RS CPU & A 52
Intel(R) Xeon(R) CPU E5-2682 v4 @ 2.50GHz, JfHif 16G P 17EA 260G [F A
#: GPUBCIZY-S 2 Tesla P4, P47 8G, Hi Nvidia A " 4™; %3¢ ubuntul6.04.5
PRI E R G IRIE S I RFE @IS 4T £ 48 ) Anaconda3 #4521 i AU BE o,
IREE N Il CUDA Toolkit 8.0 78 & 2% 2] T H AN cudnn6.0 JR £ 2% ST ik . IkAt,
e T HiEH Vim, 4f2iE 5 N Python, 25 = J7 Bk A% pandas 0.20.3. numpy
1.13.1. math. os. PIL. sklearn. time. matplotlib. re. argparse %.

TR 5 21 T R HEZRAS ] Tensorflow, Tensorflow H Google A ) #EH!, £E 2015
11 HIEATFE . B DR REERT.

1) mRWEM. Tensorflow XFHPZEMLE AT T %kt %s, BA RIGHIaFEE
H, SCRPS RN NAE 5T, e Pussel & FhH%k.

2) mEATIERE. Tensorflow SCRFM AT Y &, I A0 NEAR AT AT 1
AT DV R v R A, SRR .

3) w[FEAEME. Tensorflow A #E Windows. MacOS. Linux. iOS. Android %5
V& BAEA AE TR [F — SR A BN [F] ) vk BT, AT iL#RAE CPU B GPU
Fizf7lE,

4) FIEIM. REFEEZ RETMRIRKEERNYE, IR 2 5L
5 HA — e E R REHLYE . Tensorflow P RAF ISR FE A %N S HUL M ZRES
TRUEAE RS AT LU I

437 ERDR

HTFFEARRRKZ, JF AR EA GRS . Rk, RATRAR#E
(Precision). AFIZ% (Recall) LA EAIE F1-Score = NFa bR x A7 Fi 5 FL it
ATV o KEI 2R R TN I R AR B B R AR AR IR BB, RIEE T A R RE AR [
gER, SHEPEMERE, RO TUNIERT, TONFEABSHE N IES, Tgs R
HNIESR (TP, 5 —Ff & TN 1 04, B AR B SR A A7 AR Tl ol 1B 26 (FPD,
FEfZ P RIB AU
F)=TPT+P|:F>

A [BIFGR B SRR 5 1, BRI B TN AL, X
AT SRR R G AL, FIFE A PR el BE, — M2 IR B, B IESAE AR
FEINTIM (TP), 5 —F BRI, BR IESRAEA TN 728 (FND, £ [a]

(4-5)
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R MR B F
R TP
TP+FN

F1-Score (F1) FEHR AN [l R PR IIME, 24T RS0 A0 A [0 R 1 47
GV FERR, ATHARWTR:

(4-6)

2 1 1
FE PR @)
R (4-7) ZZf)m FLalRoRN:
2TP

F = (4-8)
2TP + FP + FN

B IO AE S EE VI 2T 1Y CNN RS BEAT 43 2T, &5 B w8 T8 1) B A 1
. BA%, 1 F1-Score W& 4-15 Fix:

1.00

bluesky (57 0.97 0.95 0.96
vesky 57) 0.99

0.98
dark (119)

0.97

cloudimage (115)

rain_snow (117)

overcast (128)

0.96

0.95

0.94

0.93

|
overlight (124) 0.94 0.94 i 0.94 0.3z
|

0.91
Precision Recall Fl-score

Kl 4-15 &LERAASHE % . A [alZ A F1-Score
Fig.4-15 Precision. Recall and F1-Score for each category derived from CNN classifications
M 4-15 AT LU, CNN JTVETE &0 2 B TG0 o AT 1 AR 4F 2%
B, HRKEmZE. RN Fl-score BJikF] 90%LA b, 140 Bk Zik 5|
95%LL L, UER] 1AL R A SR AE T .

4.4 ZAKEE EGUE

FERICOIM G, T4 R 2t = B R SR B R I 5 48— i %
AR AE, HARBET RSB R 2RO, T LA R R SOWIN &l A [
ERABL AR BAA R BB Z DR, J&T 70 8E 5. R Al
R A 7 B HAE SN 73 FAE R AT IR I, Tt 25 P T R f)32 A RE S ATR]
IEMERE

-38-



a0

R
S
v
[
S
P
a3
N

K=

k&)—
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4.4.1 FFBURENA

AHIEFER T LU0 5 2 R AR AL S B AR 1R 73 S g ) AT 56E o [
BFF B 2= B RS AU 2 6 1 77 B 22 K R SOUL B, H AT 2 68
WE: 2.4m ik, 1.8m BEambe. R 5o B BLE I K 4 535 (BOOTES-
HFETE AL IS (Taiwan Automated Telescope, TAT) 25, 4x KA AIX
L6 BH e A UL R L SET ) = B S R fﬁIXJu{'ﬂJEP»*L%JA\TT/'\E’JE%HM”#H

#HL 2016 4 11 H 26 HZF| 2016 4 12 A 26 HNFYLALMISE, 4 RAHHLIATE A
AR BB AT IR, 4 5807 Tk KIS, sk KIE 5 %Kﬁ?%Mm,
P 4.3.1 PRI H > AR AT N 02, Horp dark 2850 4257 K.
bluesky 2571 454 5K . overlight 25%1 614 5K. cloudimage 2551 321 5k . overcast 2§
5 115 5K rain_snow 251 46 k. #B5HdE 4 4-16.

- |

2016-11-28-13-00-03  2016-11-28-13-20-04  2016-11-28-13-40-03  2016-11-28-14-00-03  2016-11-28-14-20-03  2016-11-28-14-40-03

2016-11-28-16-00-06  2016-11-28-16-20-03  2016-11-28-16-40-03  2016-11-28-17-00-03  2016-11-28-17-20-06  2016-11-28-17-40-04

2016-11-28-18-35-03  2016-11-28-18-40-03  2016-11-28-18-45-03  2016-11-28-18-50-06  2016-11-28-18-55-03  2016-11-28-19-00-06

2016-11-28-19-20-36  2016-11-28-19-25-36  2016-11-28-19-30-36  2016-11-28-19-35-36  2016-11-28-19-40-36  2016-11-28-19-45-36
4-16 FHVLALIN 538 73 4 RARHLE S
Fig. 4-16 Partial all-sky camera data from Lijiang Observatory

4.4.2 SGUFBUIRTALIE

TEIGUE BRI N B0 0 WL /T, 5 ZHR AT U B . a8t fErp, T
R AHNSEAE, FBRESERER . o EGEHHT B EE, f
A5 536 UF 0 SEAE S N L AT RO A BRI BB I R 8d — 35, T DS my A B 4
P FUER

JRUG G (AN 4-17a) 43 HE N 720480, LA 0 ki, B 400320
KNG CnEl 4-170), SREUS YIZRER 1D 58 L A UG B 25 RS
E&%n%,%Fﬁ$®f% 334> HE 2N 100100 1) E1%, %%%A@%%
GERGIUE R —8. & 4.3.5 R ARG, fr N BIREY A k47 2851
o .
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2016-11—-29 17:40:03

a) FETHT R b) #BT 5 EIE
K 4-17 S0 FRTL o 4 RAR LB A7 #8Y
Fig.4-17 Crop all-sky images of Lijiang station. a) Image before cropping. b) Cropped image

443 RBIGUFER DT

PRI B SR S TSR G SR A R ARG . H I, M F1-Score W1f&l 4-18
Fﬁ/j—‘—\‘o

cloudimage {321}

rain_snow (46)

- 0.6

bluesky (454}

Classes

overlight (614)

-0.4

overcast (115)

dark (4257)

Precision Recall Fl-score
Metrics

Kl 4-18 E A S TR RS W2 . [n[Z2F] F1-Score
Fig. 4-18 Precision. Recall and F1-Score for each category of validation set

TINS5 RARE FE MR 4-19 FoR, BEARFR IR &R0 O FNE,  AALFR
FoRBERFM AL A K 4-18 F14-19 W LLEH, BAER S MEHEE LS
EHARERI, SN ERZH dark KAERSHE, FF B X cloudimage. bluesky.
overlight 1 overcast 27| A B F I X 43 B8 T o AN B & /D> Y rain_snow 2571
TR 45 A 22, I H. bluesky )44 [n128 . overcast 17 712 cloudimage fHERZR
FERHRLAIG, B RGN T &5 S AR 22 138 40 1EAT VE AR 50 #7 o
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o i
* t‘\\':lp E-‘-Hﬂ o o _\,;\-.;E.
o o W @t o

dark . B 5 23 1 12

owercast o &8 38 ] 0 9

— pverlight 1 1 14 576 T 10 B
&
m
g

= buesky{ © 0 22 345 2 85

rain snow{ 0 i 28 10 3 3

doudimage 1 1 58 9 1 251

er_:u:I icted label

4-19 ISR R T 45 1R TR IE R R
Fig. 4-19 Confusion matrix for test set data
Moy R RHRIEFERE (B 4-19) tPaTLLEH, rain_snow K& 73 Ny
overlight, 1% E& & 4-20 Fros . FTLAE Y, BUE EAFEE ™ BRI RO R,
BB 0 o0 v B B O B RRAE, FTRES IR A R E R . pesh, WA
rain_snow JSFRTHACEABNZRE N EIR /D, WATHER rain_snow SETIN4S
B, HERRBURE) E 5 A

Lijiang Observatory 2016-12-07 18:30:03

Lijiang Observatory 2016-12-08 17:10:03

4-20 i%%ﬂ overght 25 rain_snow Z %
Fig. 4-20 Rain_snow misjudged as overlight
H ] 4-19 AT %0, bluesky 7[5 . cloudimage #Efi 3 BAR 1) 3= 2 R K J& — 56
43 bluesky #FiIA cloudimage, HALRAIEUE WK 4-21, R4 EGRIMEE,
XL EUR 5 ISR T bluesky AR ZE R, EGEARmWEE, I HAAEEON I
=M R ATRER FEURAN R .
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2018-12-17 18:40:04

K| 4-21 i%%ﬂclouimage J5 1) bluesky &1
Fig.4-21 Bluesky misjudged as cloudimage
overcast [ A R R, FHIE 4-19 W%, overcast FE RN overlight, i
RORAEB A 4-22 fios, wARGEE S, BRRESIIZ5EH overlight
KRBT . XM X ) 32 252 T AL S E0 B A R T S8

Lijiang Observatory 2018-11-26 13:10:50 Lijiang Observatory 2016-12-02 10:05:03

4-22 %K overlight 25 (%) overcast 2514
Fig. 4-22 Overcast misjudged as overlight

45 =N EWMERMXTEE 54T

FWT X I Az DL S 2 e AL B S 2 A ) S B 1) o 5 s R ) — RO
A ST 2 P 2L i BOR i € B P AR A L AR, Pt — ) 1 iz 1
B ES— AT . KEEREED (k-means) & — MG B ERERE, €
LKA AR RIF R [F] — g, BIEH T2 RS RIIX 5. AP FRNE S
G R T ML 2 P B A Pk H 2 SR 25 PRI LR =R RO VA EAT T
BOIE . 0475 [ E BRAE B L0 B LUAB T V5 e R 2R IR) J7 223k 7 1 ik oL R L F) 401
W B HU AR D7 V201 B k-means 58 6 U7 140

451 EEHEX

BE 5 N2 BB B 2 0% UG B AR SRS s KR AT
AR, 1 FE AP S A B A b, DA, 38l B B BEIORE
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B BT BB A A T2, RSCBL AR 5T S0 S BIRSE R gt
T AN AT C T e B ) EEARLAE D W 2 R AR PR AR, A5 FH 22 560 18 B0 R AIE
EHBEATHG, e AR (=) ME R (RE) WXIr. BRSLHlUrid2deit HE
BERARZLE PN PBIEE, BRI BB L.301F A HhnitE, X EB3EAT 72
F, RTL0MBE R AT AL, AT LI0MERER BN ARAS . [H € B %L
L7, (ER RV IESS . & NEZE, Hn B i BRI 45
(EATAT 2 HY B U0 AN AR R 155 100

452 ETHAXEHENBENHEZE

HY Otsul*t 4 H 1) 352 18] 77 22 J K 1 23 BB — B O 2 20 E E E 2))
IR T SRR BARSEI N R

HEHThA B bS58 S #IRE G, 20 v SR G AT S s F i S sl
AN RIEE SRR, Rl MR AR, THEA R R R BRI T Zg:

U =W, xU, +W, XU (4-9)
g =Wy x(Uy—u)’ +w,x(u, —u)’ (4-10)
AW TSFWIEGE
g =Wy x W, + W, x(Ug —U, )’ (4-11)
HIE
g= 1Xv3v0 x(Uy —u)’ (4-12)
X wy I R B LA
Up—HI 5 R FEAE

wy—— 1 SR AT R e

u——H SRR

u—EIR IR T2 K A

g— RIS SE R %,

B Th XN — AT ZEg, S RKghd Biff) Th {EAE Otsu FE A
B AT PAIX 73 A S5 R0 S5 1 B, B R R 20 31 BRI AEL o £E = B er I o] A Otsu 55
AT SRR LR B B R o B BRAE, AT SE I = 5 R 2B X 77

4.5.3 k-means BH753E

k-means & —Fh &) B 1 C I B R HE, N+ . k-means& ik & AL 7E
FEARZ ] AN R K (2R H D) MEAREE ARG ER O, B ek 3R
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2%, RIGTFHBNEARSZA TP O (M IREE, @ b A B B /M EAEAE
SIICEE PR B BN RIS . BB, BRSSP0 LK I B4 A T A A B 3L [F) 2H R
— N UITEREAE LR S, VRN RIS I IR L E
FIERE RO ABTE SIS BRI OA T KAEZN, A AR AT
HOF o e B 1A AR B PE B IR

k-means L HAR LI TR W

1) BEMLILEEE kK A RAEAERE L, ko REH .

2) EEAMEARTA AT, B FEAME RIS 45 R B B R O R

3) It EAEANRIEWIE IR EAT ) K ADIELE R SR .

4) HEHEFIPRE D, YO SR KAEBNEIIT T 22 AR
B, FIEERERE, BHaRE R,

454 ERIAMEERK

AT 3.3.1 1 PR BIRIAARGE 5 Br B O XIS RS T-IUE S . AR
AR 4-23 e 25 R SR 28 I N AE AR TR 45 P € DX sl ot o 2 ) 67
B, RO AR,

a) i an E& b) Rtk &1 1 YIS I I
K 4-23 fi AR 2B TG oRA5 B
Fig.4-23 Template method removes irrelevant information. a) Original image. b) Template image.

¢) Image after adding template

73 il FcloudimageZBrh m i@ . mEEU/D M= ERZ ) =R B Fik
HRHATIAIE . 45 R EI4-24, W B4 BB AL BRI 50  : ARALFE . k-means
R [HEBMEEM EE N A, HPhaeafEs, BefRRA.

H1 1E4-24 110 45 AT DAAS Y PR 458

1)  k-meansZIETVEIRBIMRZE, A& T = s,

2) NFBMEE, KBGO XA S PR Z

3) [EEBMEER HENRE B, B 5 KA KB RB R .

4)  BRFPH R G AR SR, W20 B S I BT B T REA 2
XU A, N AT SR ) B 2 B 22, S0 2 B e DM FRHG 2
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Fig. 4-24 Cloud point recognition method verification effect
R = ROSERIE R IR R AR, N TR SRR SRS o EE M
BES. PRI ZE .. SLILE RS S RIESR A KT R — NP TR
H A

_"’
L

46 AKE/NZ

AREESCVEAN A 1 2 RANLR SRR 1) 8o & Bl U Bk
FEHRAE N s 0 AT N D28, Gl 7 Hh s e RMNUAEgEE . Wit IR T
T BEG RIE R B SFERR, SR 1 e AL EE . ARSI R DL R 45 2R
IIMTEEAESS o IR 25 R N R SO I s 4 R AT B LK A Y BEAT B0 IE , UE B
T AT A RAFHENRE ) - BB RS T R ERNERTME R T E
B, W IEEATRAE . BT S AT SR TR R
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F5E ERSEXRMBNBELHIE

51 5|5

ROCHIALALAE TIPS 2 HPIRES, KA TREETT R PRE R e . 42 R
PLARGHERE T e S AT IE R D 23R 1 KRN e Rk = AR, JFHAER
RATRESRAG 2 B - TR — AT ELHORAE A AR AL A IR dhe 1) web 1
B A LA RS2 T 4 A B . A SCIET Django 2844, MySQL £ % DL K A %2
web I_JJ&?J% BHEOR, BHEE T 5T Ui HP RS S e RN A

s SEIL T BRIR A RARHL AR GEIR SR FOT BOE 5. AR FERE G T G A 21
EMH?%EUK B AR ST B S A AR IS R R U4
4.

5.2 MHEBAEIASEFLIFENL

TS FEEH 7 N EOR: Django HEZE . MySQL %3k FE A1 Apache R 55
2%, FHH jQuery. Ajax. Bootstrap. HTML5. CSS3. JavaScript #1 Python 254
AR B R 5 G 5 U S DTN S S SN R 7

Django & —/NMTIE I web JT R HEZEMA, {§ F python iE S %S, G F £ .
F=EFE . FRSOMTEM 555 . Django #5% web A 1) 3 ZE AN
MTVIRIE R, BIBEA (Model). 46 (Template) IR (Views). BEALRKH 77
WZE, WM SHIEMR A RS BEGERINZ, PUE el e 5L s AR
SR AT SR o MR RV 553 4R 2 L A BRI R A AR PR AH OB 5
Model 54 % SEHL ORMOH R-58 2B, A3 FH I Do 75 S973 20 e v 208l 1) 45
2K, BRI HAE Model %GR E £ 5144, Django 424440 & 5-1 FivR

MySQL & —/M o R BUHE A B R 48 . MySQL Hde R HLA I R A A

1) ST

2) AT DA R S AT A B

3) SCHEH L SQL ARG .

4) AT R PR BT

5) k. BHHE. AL,

6) T L5 Django HEZESEILCEEX#2, &M 15 o5 RN K Ai-F 6
I A -

]n
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AR I L RKFIFREFERT

HTTP & =K Ak B /0 i URL ML I
(HTTP Handling) {URL Mapping)

Hii 1 HiHR
{Model) (Template)

Hed RS
{Database) {File System)

5-1 Django 24 b
Fig. 5-1 Django architecture overview map

Apache &M Z 8 Web Ak%S %84, BRI LLE4TE Windows7 .
Windows10. MacOS. Linux %) L-FFrA FHE#IE RS b, IF BH P #EZ
24 . SR Apache 1EEHEF G I AR 55 2% B AT RUBA DR 93 3t R S 25 12 A A
sEME.

HXAMRICTE S (HTMLS) 2R IHIVE L &R S, H T 95 W I 2
ANE . HTMLS G5 18 A 2 7R SR I R N 2, BHSCE . Bl s,
CSS3 W/ERH I TT AR, MBS CFrER. T4 ShEgER sy
i CSS3 KL, CSS3 HIAFEMAF M i AL 1G 45 L ¢

JavaScript f& — M HIAE 5, 3T JavaScript 7 AT DAY U HEATAE H, B8
H P B el #EvE, MR R 4F B P ARE: . jQuery & —> JavaScript J&, X
JavaScript HEAT | B HYESRE, SEL CARZ W HIRIThRE, AT LT R
JavaScript I WA G4H . Ajax N2 —Hh 5 IR 55 de S BB s B HOR A2 11T o ) 5T
Y5 G RS ST ERAC N, A Ajax HERIEASEHEAM T, Nt
TEATAC B AT SER, AT 42 i X DRI R0, 3 A P AR 3631, jQuary
Pt TEEMREENT Ajax K, EEEH jQuary T AU R Ajax HiA
J87 FH 1) 52 i T A el

Bootstrap &3 T HTML. CSS. JavaScript JT /& fIHT s - R HELR, H45 2 £
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https://baike.baidu.com/item/JavaScript/321142
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%5% TATERMNKBELNA TS

B M BT L B TAS BEI AS SR AL, A e T DA v AR T T
Z W41 Web B . Bootstrap M B AR R T, ik—ANRus AT AR AN R 43
PR #%,  DUTHI AR 58 0 W 88 S /s B KN IEAT B IG S 4 T, AT 45 FH P it o
AL A8 FH ARG . {3 FH Bootstrap #5 & () A TTE BT fivdh, HERRRITE K .

TF &8 : Windows10 #:1E 224, Inter(R) Core(TM) i5-4210U CPU @1.70GHz,
8G Nf7, 1000G MLIAEH:, 200G [ A4 . gafErSf# FH 2% IDE s& PyCharm,
4 FH 2 1) 5 v dn A2 15 5 2 Python; MISIE1T AR %548 : Windows Server 2012 R2
YE&%:, Inter(R) Xeon(R) E5-2682 v4 @2.50GHz, 4G W17, 500G HLARAT%E .

53 EEERHFEIT

TR RERREER ), AELERS S 2 RIS kA6
T Pt T E R S A S B = e e e AR
H 5 RANL R G E FIaHERE R B AR TS N4, HE5 T 6 F5% (logo).
PRREAE . HE AT OB B S5 N 2, BHE 52 AT DL BLPRGE 1 g 1t H
P2 s s R s oLl v] A BUEAE B AR G 5 B A A B E B AR A
G B R T b B N R AN T O IR A TR #E . B BiR =
ANFEFUI AN, 7 G IS FEM A china-vo BN BkFEEEREThRE, @ %
SKTEME AT LA A% 21| china-vo 1 & & sy i i, il id sidts china-vo AT BABkE: 21|
china-vo V- & M B T, 1 & BRGNS E 0 DR i &l 5-2 Fror .

RS BIER AP
|
l [ | I ]
BR BRI PR R~ BETR china-vo
@it logo, 47 4k 3 3 B P B ¥ S R AER, 4% 42 %) china-vo B |

AL, M3EA R china-vo T RhEAEERE, ARl L.
B, XRABINS HFiE

B, HEATE MR REHAMT L5 4R EEE
BA , (4iE SR A8 2, 2T R fieo

BAFX), MK AT LR B A BREIE
A%, Bt .

K 5-2 Wb Bt 4
Fig. 5-2 Website design structure
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54 ZXMBEHBIELHMEE R

Al i@ http://47.93.115.68:8083/publish/index/3E 477 Al o 1 T EALHE 4 KA
MLARGAN B EEAENE, WEWE 5-3 fin, EEHWT LS.

(1) FhESNA: Fhs b ErRkESA, £R5E. B, k%2
RET 4k, ARIBE T ERKE R ILREIEAES .

(2) WIHMNH: 2T 55 B BRI & BERE 5 78k T — k&
HaiasE, 75 8 AL MiAT (N8) 5 28 34 R Fg AT (S34) ik FE Hh 3R EL T K E K
BRI = B,

(3) BRWENA: W& i E BRI & (China-VO) ML A HITF &, 584
AT, BEMIUT IO R R & T SRS R SR LR, B ERGNEE
P

(4) BdE oS0 H: RN & i e 3 shis T, BA R EE R .
N8 FiAT MR ZRHL EI5 £ 13000 5k, S34 fiiATHAMRIZRANZ) 53000 5k, EME53#Hi%
4 1000%625, 1% IPG.

(5) Mo MAAREIGER: Bl AR, aFAETEER. £
=BG 2B

(6) RiFH&AE: S ARREHE . BHEE R URERT @ = B EE
T3 TR 7 AT DR BRI 8] b e St il 2, s e bR R s BOR AR AL
AR BRI T T IR TR T T 2 R A S SRE R SR SR = B R R
B BAGIR A SRR W) 2 Ay B A BRI A 28 AT DA 24248 A 8l 58 22 11 A
1B

(7) BARAFFE: k4 R 2 Ik 2= B AH O SRE R 9 LS B A2 AH DG Bt
W U IHE,  BERXT E N AVEHIE N D 9 AT .

(8) FuiM: AW H 45 2 b [ R 4K ST A A [ R SCEHE v O i it ) il BR R
AR SRR o H 1 R ST Hh 0 A5 21 1 SRS I SRR R Al 26 A S I E “
RAGRP IR IL RS E 7 M ER BB IR LRSS 7 5.
T [ 2 R S 65 -] B 25 RO R B AR IR T 7 Hh O AR T AR 1R S A o

FEW ik e b7 AR AR h SR AR FE s X ORIt T 20 TR Bk N
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N8 : 2017-07-20%2017-10-09

$34 ; 2017-11-08%2018-04-21

TR
TRERFENRIEYRE
wHRY, B8, WKSSVET
FERPEARNSIRNSES
AR TR R AR

SR B
@B HEENI A (Chins VOMCTRFBIFFR
HRSEMET
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ROGRTOREE

op [ 240 % 34 (China-Vo)

USRS LIRE (L ETSR TS
IS EENINATR, ARIRTA
STETF LB R FFTTBRE

ETENEBMH LS . SA0RT

HAR K E N

2% EXATFRWE BRET , 7R

NS R 03K . S34MNF # 03K.
BRHER000625 , IBELAIPG.
B R CEERET

Jo;FEC AR

LIRSS R RSN RA it S AR R
BEER

HASIROILL
Stk i)

PP T — e

F SR
MR RO AT A CWHX R MAFEHAFDEE BOLIRES
TGN ) BIBR
SEENstR  PEASESETNST NS

1B B R T

sRAFAY . Bl

DUEHAA SR ABISERART  TREMAESEI GRS O O

AR SRR 2 BEATSS. R

BIEMERSHTASREAT. PR IR S M SRR AR S s MRS P
H " SRR S RIS e A R
SIS RIER 5
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e -

5-3 e 5 A RAHHLAHE KA Wt T

Fig. 5-3 The home page of XuelLong all-sky camera data release website
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Al i@ http://47.93.115.68:8083/publish/display/# 4717 1], B3I s i b A
HH (R B F R e TR AT Bk A o XISl 4E P 2 R0 FE R SR DI RE A 41 4 HihE 1
B FNL BE B EMIASEE. AR RRE—K (2018 4F 4 A 21
HD &R EEE B USSR BN S S5 A EE R, BRRE
NEGEENT 20 5Kk, ALEAS AR UTC WA, . 4. AL . <
G5 BAHE UTC ) IR, B, AR KA A XGE, T an & 5-4 B

China\» +EEMR% s U mmes o
: o

EhE ?AMMﬁfﬁfﬂzf-

mﬂmﬁaﬁ EMBNEL.. .
HRBAEE RSB RIS . ¢

N8 : 2017-07-20%2017-10-09

$34 : 2017-11-08%2018-04-21

aleadErEE
2017-07-20%2017-10-09
2017-11-08%2018-04-21

2018-04-21 i co |

AFIEI I3

E R AVA-AGESY
UTCH(E] : 2018/4/21 0:00
20 121°4120°E
B 31"192°N
A : 015
Bt : 239.9°

FRARGE
UTCHi8] : 2018/4/21 7:26
R - 186°C
B - 99.9%

SJE : 1008hPa
Rus) ; 127.9°
PUE : 8m/s®

K 5-4 TS5 KA s S

Fig. 5-4 Data display interface of XueLong all-sky camera data release website
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551 BERRFEXEING

L HASORHE, I 5-5 s, I H P . el el fm, n) DAAE T
A 2Pk I R — BRI EGE R, N ED R RIRER . dd 0T
s AL EEE SN, BR. RR. MEGERMARRKENL.

AR asDE a3 aRE
2017-07-2022017-10-09 2017-07-20%2017-10-09
2017-11-08%2018-04-21 2017-11-08ZE2018-04-21

Su Mo Tu WeTh Fr Sa 1 2 3
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a) SR Ak b) Bbr s E
K 5-5 HHAEFEX
Fig. 5-5 Date selection area. a) Display before mouse click. b) Display after mouse click
SREE b HHIEUG G, i 2 B5-6 7 1 72 45 21 i SRR Bl K 7R
HIFTA BRI S R AR T B R, PR RO Bos BRSIAE 7 1K
JER X 3

BIpaib I piet
2017-07-202
2017-11-082

2018-04-21

K 5-6 Hudl G ERX
Fig. 5-6 Image display area
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552 BERTAEKIFGE

H idiftdid jQuary HRAERL, A EAF BN B d 2017-07-20 % 2017-
10-10 11 2017-11-08 % 2018-04-21, i Ef5F BRIVEMBLII WK 5-1; K E(5 SN
[ B & 2017-11-20 % 2017-04-12, S5 BRIVEM I INE 5-2, fr B EERM
S5 BRI MySQL B4l rh . BUSEIRE RAAEIR S 2% 1, 478 H IS
AHE I H AR, ATt 2 AR EE RSB a A4 E G, J§aNAE
FEAR PRI ()45 BARBOT M EG . A%, MBS B EE @D Ajax FAK R
7L S 1) o | T

#5-1 B BB R

Table 5-1 Location information data structure table

FB I *HE
id int(11) Bt
uTC varchar(25) UTC B[]
longitude varchar(20) 245
latitude varchar(20) et
speed varchar(10) NG D)
course varchar(10) M B

*®5-2 ARG BARL R

Table 5-2 Meteorological information data structure table

FE eyt 1
id int(11) FH
UTCtime varchar(25) UTC ]
temp varchar(20) R
hum varchar(20) R
press varchar(20) SIE
mwinddir varchar(20) O]
mwindspeed varchar(20) PRI

5.6 EXRMEHKETHAE

Al http://47.93.115.68:8083/publish/download/ 37 ] 4 K AH AL AL HE - # 7+
T, Bl SRR P s S BRIk . TE M ER TGN A, B
R ELE T AR AR H g S TR By N B B I DhRE . X 0T N A5 ] 5-7 B
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Xr":!l\lNMﬂaseMzgﬁh;? B e MBI | o
RVETE MR SR , e Vi

5 LT8R

Bl
STE , BERE  ZEELRREERENNRN TRISERICESOIRES

Information

Submit Information

Back to top

K 5-7 = RANLEE S

Fig. 5-7 Data download interface of XuelLong all-sky camera data release website
5.6.1 HIETHFEIXEIIRE

W&l 5-8 fio, 1ETERINBEN LTSSy, il BT B AR B e 31 B3 T 3k
THREDX I, st 58 SO R e 2 5 SCTH 3R IIRE X4k, sl imad i)~ Rzl it
T 38T AH ML Zh RE X 35 o
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%R B ARMMEE TR,

A TEADK O .
NSO TAIRIE et WS TR . o v
SRR SIS, IAEANEEYEE

5-8 T EIIRES T 4 KBk Dhfe X
Fig.5-8 Download function introduction and jump function area
B R ThAE 2 R4t N8 fiiiZk (2017-07-20 & 2017-10-09) HHE N4 B4z
S34 fiizk 17 4F (2017-11-08 & 2017-12-31) %fl NasEREM 18 4 (2018-01-01
% 2018-04-21) ##ls T EMERE, KA H KN 72008 546MB. 907MB. 1.06GB.
WKl 5-9, B EEy, K H R EAE, nlE i R AR e T B B E R
BEAT T

H# M

FETEEE X
EXERERU EREEFREFTEIE i 127,004
= ElINorth Polok:T PRSI 546.58 MB

TEE ChUsers\Administrator\Desktop #: 9337 GB |+ || BlE

BrErETs HETH e

Kl 5-9 HEETEIIREKX
Fig.5-9 Direct download function

bR bk BT S i B T aesh, Wit 1 E SO EEE I ThEE, HIHT
DU L D e H 30 H OSBRI [ B N s, A SR BL A TS 8O ] . IS
SRR BIFRAT G RGURE o RE xS DS BN B SIS Rl AR b, SR an & 5-
10 fiz. JEid bR A B ey Submit information #4034 RIS, WRE RN
TG AR, KR B MAER BRI ER, & 5-11 Ly
Fay e I RS B B A ) E R R, JF HARRRIN AE BT RE s
RO S A5 SR, Pt DL An SRR B e S PR LI TR ANAE TR B i SRS [R5
BRI, Bt B PR 2 o H 0 S IS )45 B 3R (o] 5-12),  F 7 7 255 ]
SR HE 1 EOR EHTH S N A5
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e LR 3K
EETE, BXED , 2EEAESaEN AN IR TR A S AT

Information
begin_data end_data

mm/dd/yyyy mm/dd/yyyy = 4
Username duiy 2018 ~ ITI IT\ ITI

@ Username Sun Mon Tue Wed Thu Fri Sat

1 2 3 4 5 i1 7

Email (Optional) 8 o W M 1z 13 W
you@example.com 516 17 18 19 20 21
2 2 24 5 6 7

Address

20 30 3

1234 Main St

Submit Information

K 5-10 A& X NEIhREX
Fig. 5-10 Custom download ribbon

HE SR
EE T, 2R , ZEHEREEEERMIRN TR MESHMET

Information

begin_data end_data

[ fExlin2017/7/20 l [ fETAn2018/4/22 ]
Valid start data is required. Valid end data i required.

Username

@ ‘ Username ‘

Wour username is required.

Email (Optional)

l you@example.com ]

Pleaze enter a valid email address for shipping updates.

Address

l 1234 Main St ]

Pleaze enter your shipping address.

Submit Information

K 5-11 REIAGACRIERER

Fig. 5-11 Form fill incomplete message
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| . begin_data should be in 2017/07/20 to 2018/04/22

BE

K 5-12 S LE ) AN 2 2R IR AR B
Fig. 5-12 Time does not meet the request prompt information
B RIREORE I o, Al RAIGH, KailintE, BoRHiE
B, Ja G N HHEEEEST WS R R A T B B HE BEA A f&I5-13.

| CEMEHRREE | BRREEIERRE

K 5-13 HHF AT

Fig. 5-13 Application submission success prompt
5.6.2 WIFETHAEEIAE

R FIRTIRE, B S rE AL AR R 4i Dy ZIP ks O, BN B R =R
Ko Fr VISR H 40 00 7 3% A6 T S A) 4 55 25008 16 4 .44 24 North_Polo.zip,
K/NN 546.58MB, FERMATIHIAIOS AR EC 2, XF 17 SEA0 18 AE 40 KR 73 7
BEATIESE, 17 EEPEESE .4 v South_Pole2017.zip, K/ 907.64MB, 18 4F
i 46614~ South_Pole2018.zip, K/ 1.62GB, K46 5 A= Bkt B 3 HE
B, whEd BTN EOT R T 2.

MR EHE XN E G, BREESELIFRLE, HiEE BB IRAER
MySQL ¥ )% 1K) publish_downloadinf /7, publish_downloadinf £ #) 4 15
N 5-3, F* 5-3 Y status F-BOK A create.

s FEAF KRR ENEREARORET . AEAETF T S
status=create K, Z>HR¥EHTF B [0 BAE B R4 xf B EE, FH0 status SEFA
compression. JE4E5¢ BE W TS BRIE S AT BUBFE I -5 status BUBTN
send, 53 AN 2 A% IS IR AR IR E] I SR 3 36 5-3 H ) email_time F Bt [ml
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2N BGRB8 B E B 3B WIE B DU N 8 RE, RIEANAEW
K 5-14 ffi7~:

JE 4t 1E] A 2018-01-10 % 2018-01-11.

P LR a1 R R

NEEEEN

http://47.93.115.68:8083/static/south/data/

2018-01-10 2018-01-11.zip

K 5-14 H3hRIE AN AR B
Fig. 5-14 Auto reply content example
#*5-3 IR fE B AR AR

Table 5-3 User submission information data structure table

TR et HIE
id int(11) T
begin_time varchar(50) FiaH#
end_time varchar(50) “ER H i
username varchar(50) P 2 F%
email varchar(254) M1 B
address varchar(50) B Ak
status varchar(20) FEAREIRAS
create_time varchar(50) s 4,00 2 B 1]
email_time varchar(50) RIE T BB R ¥ R AR R]

NPRIEIRSS 23 MIEHIZAT, Ja QU 7 ERHSRE UREr . 22 &R0
FIBAT U0 K A S T R 0 T 4 B B » ) B T 4 60, J 2R 5-3 7 U status
TR B vdelete, AR AA B CHUMIER

5.7 FEFERIEEN

A B A& F T Windows7. Windows10. MacOS. Linux Z5#4F 245, Internet
Explorer 9.0 LA -yl Vi s ANEAF =2 M TUIRSS, F P AT BERE, F N Wkt
B A AT R AT I S A A s DT R 3 Y back to top Tk 5] 21 24 Hif DT I S
BOLE; LRI, SR E ML, 2l iim; e s w il
VEALRD N EREOAN B, TR R U R AR RO, T EHT TR TE R — e i T
BT CATE 5545 s pU B TevE Rt SallRsr v, B0 sl T ST
T
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IEAA SN 8] KRS AL ELAS K Bl T B RE U2 AR R & 1 K/ N AT
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(2) B FEEAE T e 5 MRS DAIGIE FAE 4 BRA [RI AR o P55 ) m]
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