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Abstract

Because of the limitation of observation means and background, combined with the complex en-
vironment, only some observation data are available. For the sake of better weather forecast, the
research of meteorological data restoration based on part of observation data and matrix comple-
tion would have important scientific significance. This paper aims to, through part of real-time
observation data, according to the low rank of a matrix, with applying SVT (Singular Value Thre-
sholding) algorithm of matrix completion, obtain the deficient data so that one can make weather
forecast better. The experimental result shows that the accuracy of forecast with matrix comple-
tion method is obviously higher than that with classical statistical method. When available data
proportion is higher than the critical sampling proportion, errors of data filling can be controlled
within 10%, which meet the requirements of meteorological data.
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1. 518

S GE BEFR SRR AT SRR ATEE, BT 00T BRI S PR, Fon RIS Rk,
IR Z I ATy SR I BERE AT FH (AT BASRIR), 1R AR 5 R AT AR TR, 7850 58 & AR B0k
Je B BRI, DR T8 o0 O I S RO AR B AR I SR BORMR R L B R SR [1]. AEAE
IS I TR, AR R R AR A A SO AR () N AE S i M e B A5 B, N RS AR ) SVT 5
%, BBIRGRIEHE, IR 22 .

LR, (E TR HLAS S I A AL 55 B B2 1 A 2 A0, A ATTER R BRI O R T G T
FIR e A RIS B Bl R R AR IG5 [2], X KB A 3 505 5 T 2 dm S i 17
[3]. Blhn, SCTHR[4])HE H i 46 B (compressed sensing, CS)# i Rl ik 2 %5 (1) BE A LI & AE 58 4= Bl AL
WME KRGS . 5E4EERAES AL, 56 FEIE 7S (matrix completion, MC)ERIE 2 8 i % A& k115 5 it
ITE B BRAEAL TR, ARG SRR G RR R AS 5 B AL 1) R, B3 /D B R R R 58 4 B B 2 H i
U155 . FEFEIETE A — AN SL B4 T Netflix [0 BR[5], %A FAkF P E WG LG X T 2, R EA
R F PO T8 B FT 43 B et P B AT O, e I Ty v . FERR I AR ORIz s
MEIE PG AR, ELMERERRFRZ LR G, LR EREIIRSIR . b, X1
Ve ERUAT BONEAE, T T BRI SRR, BRI EIAEE O, SR A AT Y I By s R L & v
G DL, A0 S B ML BOREAT s s B Rk el F, O TR PR s N AT K SRR TR AR R R 55
T30 4 W KA AR B S AR 1 R AR TR I R R R R . B, W TR ANEST
B S SR E SN, BT RGP EEMES R, WIEHE R R RSEFRKAER, HhZn @, HArkk
A (B FAR) Ah G e .

[FIS, WERGKR, S REEEEA IR R 45 A0 M (e A 1015 B [1] [6], EAE FEAS 20 R At
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BIUMIERRN:, A 0K 45 &S SR M IRRR Y, SR BRI R SVIT MHAT B KR (40 42 .
2. SEMEETE

—ANFERE D SR OB B 7 5 J0 3R (X 4 T R AT RS IR FE T B ARAC I B A, FRATTELHED
HH B P A I A W 1 7 78 3R A5 5, 3 {8 R R S 78 I 0 1) ) o ) SROKF TR B A AR AP S5 A R A
SR AR ) R AR I TC 9T 2 1), RANFTRRRNS] [7], AH R AESEPRIA AU, AR 22 IR AT 1A 38 (0 R P 40 2
AR R B0 5 T R ARCRR L I, B AR SR FH 3] 0 g ok B R BB R ISR AR R, 0 TR B, B3R
A] DLIE A I8 B 77 R R VR S TR (R o R PR 7 i L R R A R SR A AZ VO R M IR R [ 7] B
SRIAE SR AL VGBS /MU M A T — Sl i %, (H2 B AT S BRI R FE R R AL 3 e 4t
LR (1 SEL A ) R A B DR RIS ), T DRIk, R v 205 R R L 7 B2 2 R O SR 7 ) R — I 4
Mo HHTC AU R 2 PRod = SR FE IR 78 S0 E[8]-[14], R F-M2 He Cail & A4R ) SVT H%[8], 1%
A B R4 BN Bregman iR EVEN A K, FIEERAIS AR R AT TR R E W, R
NHESERE N 0, A RCHT I REREAT SRR, BRI AT IR, O T i 4R ARk A A ] A%
RIBGF. RAMEF Ma FENIRH Y FPCA HIL[9], EEIEA B 1AM & A8 0 i, FF HAEEVRIEAR
R EAT A BN RS o R SEEAN SO TARRRFE B (1 S RCRAR L 0 T o v 1 B A A L 1)
IEROER . FERXRZ G, XNRRSH I 1 AR 2 50 T MR 70 (0 PR v R0 o H iR P S 7 1) 5 B0 m)
FROLIG TR, (H2 B R A B S BN RAAAEIR 2 n) @, 40— 8 S R a) J b 75 EIE 78
ICRREERE, HAZ VGO e 1, oIy B A A T EUR MU T VE SRR AR A =S, R T ax s ) i, 75 4
HRT L. Ak, FEFE I 7 B AE %5 A 1) B 2 — AN BB T 1, Rl R AU, T Cai
NFRH SVT B8]0 H Al NIAT I, RN RN Z FEE, ASCRRAIZERH# TR

BRI . SVT FEE A BT

X257 AR P X, HE B 20 0t 2, BRI T A A vl R o SR 7 () A 2 A Y

min ||X]., st. X;; =M, (i,j)eQ, ()
U SR R R B SRR TR E AN EH C e m>Cn®riogn s B & U R R(1-n®) K
SRR TTER . XL | X, RaR KR FERE AR, RV A S R E A, r 9FERERI R, n N REREAT S
AFER e/ ME, m A RE AR AN S BT SRARQ) BN AE, AT DURA SR R LAk )
min rank(X), st. X;; =M,;;, (i,j)eQ. )
W2, Cai 5 NIEMRGIZAEAT 7 EGk8], A2 HEMHFLN, MERFWIEHETRAPR,)EE

A A R S (RI SON R E 4R, BRI
min rank (X ), st.P, (X;;)=Py(M;), (i.j)eQ. ©)

Bk, AT CLE N S AL TR TT R () B RE BT IR SR, RIS R AR X

Xk=shrink(Y"’1,r)
) : @)
YE=Y 5P, (M- XK)
Hr, Y°=0, mmMWﬂﬂﬁéﬁﬁﬁﬁﬁ@ﬁ@ﬁ,@ﬁ%r,@%kiﬁ&%ﬁ&oﬁiﬁ%T
PR EEEEARE M FRERPE AR o FEPEAE A R b — ERFRE M, (R B 0 20 R RR T
T 1A R
REAR, FEFFER RS —NMEEE NS, — RS, WR—ANERR H D BRCRAE RN
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o WA SE s EA I FEAERE L PR AT RER), PO REFEAR RTC R H e A LR AT et anRBca H
ALY TR AR AT, B 7S HE A PR RE R AN S M — ) o L G SRR 5 Sl e T 0 R 4R 6 A — 8 IR
s IS AFEREHTOR AR AIAT, XA R AR E R R B AR TE[10]

FESERR TR H R A B 1) U, AT B R A R A B R AE SR AR AR ) B AU BR (. SCHR[12]
TR R T AR RIAE B (AR A A B ABMER AR 242 T A e s A E R M — PR T B, R 0RO (A B
RARPE AR A b5 7 AR BRI I RE 0 e P e 2 OCRUE W] 1@ i e — N R ARG TR A, eT
DR L /> B8 R AR SR T 3RS R I 78 45 B R S R (I R AE R [13]

AR FR AR 3o R R B840 R AR Ak P Bl AU AR P SRS S . AE SRRt ol b, i
TR AN R R 2R, UGB AT I ik 2 BRI (L 22 B2 10 BB EOK) » T AR KRR BE (A S8 Bk
T4 0] A 788 70 U el AR BB O R HL A P R P B AR SR AR R A ST A e ) i L

3. SRBBHIFIWIFE

AT 7 OREREIX 2011 4EZ 2015 4F 5 LIt 1825 RogHEpy s R AU, BdE N
http:/tiangi.2345.com/wea_history/54662.htm. H A& — K IE AR H. SmAE. &ESE. REE
AR DL A A% B R SR g 1, R EEEEEE, BRI, VENASCHE T
Fab, AT UAR ST E% b BT R et RIS I R, $i v R 3 R 1)
HERR AR I IAIE L

Table 1. Historical Weather Data of Dalian (Part)
F* 1 KEREXSHIREED)

H T e SR RAESR P at JR 1A Ry
2011-01-02 £ #IH -3 C -7C % i~ Je R~ IE A 4~5 %
2011-01-03 2 i -3C -8C it FEALR~IL R 4~5 %
2011-01-04 i — -3C -8C EZ B 5~6 4
2011-01-05 = —4C -6°C EZ T JER~FE AR 5~6 4
2011-01-06 & 110U -3C —-6°C i} PEAL R ~AE R 4~5 %
2011-01-07 R HIH -5C -8C It JER 4-5 %
2011-01-08 I/~ -5C —-6C i JER 4-5 %
2011-01-09 £ #IH -1C -7C i) PR 4-5 %
2015-12-25 S HiTL 5C -31C it 7 i A~ B R 5~6 %
2015-12-26 i —4C -10°C it AR 6~7 %
2015-12-27 2 H —5C -12°C W~z JER~FILR 6~7 %~4~5 %
2015-12-28 11— 2°C -2C W~% = PEAL A~ PTG A 5~6 Z¢~4~5 4
2015-12-29 £ Hi— 4C 0C EZaa! P g R ~AE K 4~5 %
2015-12-30 2= 2¢C —4°C M~%2= Bl 5~6 %
2015-12-31 £ #IMY 2C -3C i [R [ 4-5 %
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3.1 BEEEIMEGITHHE

TSP E R (A AFEAS R M, Lo i (A AR I i, iR 2 Bl JAR/IME,
RARATRESHIL T H RS LRI KB EARR TR B IR 5 KA EE . I 80K, s
HEAT Ge i 159 2 1 25 F T A SCHF 9 (1 S S0 A iF B A 25 B SR

HE 1 ATEUEH, H 2011 4501 H 01 HE 2015 45 04 H 14 H, KX L H I 613 K, £ = 466
K, 41K, %36 K, W 306K, 586K, badd R, HogH IR ZEER, LHH 613 K, 4
15 39.5%; VAR RAERD, UXHEIE 4 K, A2 1.0%, EREREIELE , mTHEHRAE Bk
WARRAME; ZaRAUANE RSWEAT I, E1554 30.0%. 25.3%, B ZFRSEA, )
Y19 2.6%. 2.3%.

K 2 ATLLEH, H 2011401 A 01 HE| 2015 4 04 A 14 H, KERXALHIILR 390 &, Fib
142 K, HRIN52 K, AR 196 K, mK 249 K, PR 191 K, PHX 66 K, PEILX 266 K. Ki&
WX EE UL AR XA, HA ORI XA E R R S, F i T4 41.2%; 1M1 25 XUF1 75 JXUH
P& BRI EAL, E2) 7.6%. XA FUERMEA SR, 7ER 2 e b N 4 i bE & .

HE 3 ATBAEH, H 20114201 H 01 HF| 2015 4204 H 14 H, KiEHFXILHI 3-4 HA 5K, 4-5
27X 913 K, 5~6 &N 525 K, 6~7 & 104 K, 7~9 X5 K. 4~5 FRFE R e WK, 5T
58.8%, AMHIE—FLL b; 5~6 FRMLEHE W, 2915 33.8%; 4~5 X\ 5~6 HANNHLRKIL (5 92.7%, Wt
BF K X RV R SE AR FFLE 4~6 Ay, HARR B A/ W, B 4 FTLAEH, [ 2011401 A 01
HZ#| 2015 4 04 A 14 H, KiEX LRI R EEmTE-11~6 21 K, KEESE-5—-1 %151 K,
RIS 0°C~5°C 3k 281 K, KRig# iR 6°C~10"CHL 168 K, Kk /< Ih 11~15°CHL 163 K, Kikm
SR 16°C~20°C 4L 183 K, R/ 21°C~25CHL 295 K, Kk < 26°C~32°C 4k 290 .

HE 5T LUE H, H 2011 4F 01 A 01 H #2015 404 H 14 H, Kl X L H IR R KK IE-15C~-11C
324 R, REAVAE-10C~—6"CHL 174 X, R&EALCAIR-5C~-1"C3L 247 K, R (K< 0°C~5°C3k 237
K, REBALSIR 6°C~10°CH 172 K, RERMK/SIR 11°C~15°C3L 211 K, RERKSIR 16°C~20°CIL 288 K,
KEALSIR 21°C~25°CH: 199 K.

I 6 TRLAEH, H 2011 4F 01 H 01 H#| 2015 42 04 H 14 H, KIEHEX I HIE % 0°C~3°C 3Lk 82
K, % 4C~7CH 1028 K, i 8°C~11CHL 420 K, 2 12°C~15CHk 22 K, Ki#EMX —RHJRZE

R
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Figure 1. The historical statistical weather class data of Dalian
E 1 XKEREXRSURGIT
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Figure 2. The historical statistical wind direction data of Dalian
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Figure 3. The historical statistical wind power data of Dalian
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Figure 4. The historical statistical highest temperature data of Dalian
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Figure 5. The historical statistical lowest temperature data of Dalian
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Figure 6. The historical statistical temperature difference data of Dalian

6. KiEHEREFERFI

FEAE 4C~TChidr, WHIGERX — RIGREZRAIEAK, X5 IER X AN B A RKKKA:
RIEHXEERE, MK A HURE B AR, S EUREL X IRAR AR 2L

152 BB i XA e TR (5] 1~6), 7T BABEN B SR SR ZE R AR AL 1 W BB AIE . 93 SCAIE
W1, XA I A AESETE RIS 1R A AR I aE PR B , Bt RS AT AT PSR A 1 R
3.2. BRI

FEHEEFEPRINKI, AFEFN ARRTEZERZA RN, ZXUHRZESEIIWREFE—
SERIRAR, WRBSKAAERZFEN KRR, WAEEEH R SBEIRIL, BUIERE R MERRAE . e ks 5
TR IR AR R A B A H IR ZE SR, Dy REBAT AR, B2 IHE AR . 29D e
AT BRI 2 PR

AT 2 ZH & Py SR SHAR FAL BB R R AT, 0 BR AR K & sl SOAR AL, HARE %, X
i AT IR EE AT 2K, R B ELR VA — 3. T I EATHRIE TR B A 5 R IE AT
K.
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Table 2. Historical weather data of Dalan (Part)
2. REREXRSHBIEERSD)

H iU AR 7% R JR 1] R
2011-01-01 i —4°C -8°C 4C W~% = LR 5-6 4¢~4-5 2
2011-01-02 £ #IH -3C -7C 4C EANl JER~PEIE X 4~5 %
2011-01-03 £ — -3C -8C 5C i PEALA~TE A 4-5 7
2011-01-04 £ Hi— -3C -8C 5C EZS PEAE R ~E R 5~6 %
2011-01-05 = -4°C -6°C 2°C % =~ JER~TEAL R 5~6 %
2011-01-06 £ #1PY -3C —-6C 3C It PEAEK~IE A 4-5 7
2011-01-07 M1 -5C -8C 3C It JER 4-5 %

1) R,

BT RIEHE XX 5 A HIEOE T RAEB MR B 4%, 3L0F 123 B, T AT H & G0 T 2 (1) %
BRA, Bl RIER R A AN, HHC HRSENRA RS, #illn 2011 4F 01 A 03 5 RS
G, B RS RBFEAE R WERIER IR TRBA s, MEBCES RSO H R, D
UEfE A EE RIS, Bihn 2011 4F 04 H 18 HRSCAMERI~G, WIHC “FER” A4 H RS B4, AT
B P WACEOE, AR RS, EEEERRE S A SR REAN K K7, flRE. FEH,
INERJEHEN T, WIRIITE, RARSBAP R 6 FHEEARSEKA, HHESE. W. F.
. £, i,

2) Aa sk

RAIRIR S —FE, FI2R2FE, LB SR, HLil 64 B TATHEFERK R FHERETF SRS —FF, EL
{17 A 0 TR IR D 52 1 (1T =l 5 200 A 140 IR ) 25 R XS 20— 1) g SR 35 R ) T 738 4 DU JRL ) D 24 H AU 5
A SR, AHRAAR, IS KR A 2 H KA G R e e 3 RO S, R R
LR AR AR 24 H XA, dm 2011 4F 01 A 01 HXUA ARG 24 H XA B X 2011 4E 01 A 02
H XUa AR - PEARRG KT 4~5 eARAE, WA a6 KR 924 H XAl s 1 2011 4 01 H 21 H A
RNARIERA - ALK, TR 6~T Fi~5~6 %, NHUE KNI ] 6~7 Goxsd A ZR AL XUE S 24 H KA. e 28 A7)
fEIILR 8 28, At RIEK. AR HREgR. B FIE R PR PEIRRG

3) Wik

H 8 A 35 o T AT 22 OG0 K R IR 7520, Bt DA AT (9 73 AR B LA T B, dn e H XU
RAEMNZ AR 2 BRI T a0 R S R A A A2 B R 40 2011 4 01 H 19 HX K 4~5 4%
~5~6 2%, W2 HIX 1N 5~6 2.

4K RIRZE R

W RIAR AR R A AR Z2 R R IREERT 5 “C7 B, ARG IERHERIT .
Sy A2 5 IR B R 2 3 R .

3.3. BIRHEHMEERX S

Zeid LT PR 7 AL B 5, FRATTE 5 BEVE AR B B AP SR BRI, 06T 5 S A AR R AL B R R
WATRIN, 1 ELAOA AT 2 5 500 % 5 R RIFEN, T LUK X e 8 B A e 45 R AN K . BILAE
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Table 3. Historical weather data after classification (Part)

3. BNAMKRERERSEIEGERD)

H ] AR 2% PNat R R
2011-01-01 275 —4 -8 4 EZS e 5~6 %
2011-01-02 21 H -3 -7 4 £ JeR 4~5 %
2011-01-03 & {H— -3 -8 5 i PEAL A 4-5 %
2011-01-04 E#1— -3 -8 5 EZN PEAL A 5~6 2
2011-01-05 £ = -4 -6 2 EZN JER 5~6 2
2011-01-06 DY -3 -6 3 It PEAL A 4-5 %
2011-01-07 2T -5 -8 3 i JER 4~5 %
2011-01-08 £ Hix -5 -6 1 i JER 4~5 %
2011-01-09 £ A H -1 -7 6 It PHF A 4~5 %
2011-01-10 £ #1— -4 -7 3 [ LR 5~6 %
2011-01-11 2 — -3 -8 5 It JER 4~5 2
2011-01-12 2= -4 -7 3 It PR 4~5 2
2011-01-13 DY -4 -9 5 It JEMR 4~5 2

BAVER B AT HRL g S, BOESM PRS00 o B Ak, 1 BT I B 56 R o SRR mT LUK K& i
X114 73 50 5t 7 A P 0 4 P A B (2 4~9)

SHTAAE IR 2 54> B w2 10 Frs (H 350 R b3

I [E] 4 %of T~ BEAN MR X 7 S0 R ASHARFE BRI 5 A2 AR B — 4, ORI R B2 ) — 00 2, 2
HIERE R SR T AR, CREEFENMBEE L, SHEY B E RN ERK R W AR
5, BRI ) 2 2 DU AT B A AR B, AR 2 S5 I AR B Hp LA & S A 8 5 i (R AR B s o

1) & HAbFE(E 11)

1.1) BHLq

5 4 1825 K HIEEHEK 1825 x 7 HIHEFE, T AAE

1.2) HEHEA

H 5 4F 1825 KM HERK 365 x 35 [AEFE, JH 1~7 %104 2011 4F19%ud, 8~14 Iy 2012 1%k
P, 15~21 %124 2013 4EI%HE, 22~28 5114 2014 4E(1%¥HE, 29~35 51 2015 £E[HI%H

2) LI (ER 12)

2.1) BH L

Fidi A Ab 3 HE—FE, 4 5 4F 1825 KR HERL 1825 x 7 [WAERE, T AL .

2.2) WA

[FIFE, ¥4 54 1825 RIMNEEHENK 365 x 35 MAERE, Horb 1~7 %104 2011 4E (%4, 8~14 %175 2012
SEMEHE, 15~21 FI0 2013 SE[ KR, 22~28 410N 2014 S [%HE, 29~35 514 2015 4E 1% .

S EEE AT B AR, BRAAR R T i A (R %A AR () %
b FR(REHE) DU AR B HHE o 2 BT LI A A2 DR A [ 225 1) () B0 5 P B 3 TR A TE R R 1K 5 s —FF,
BT 45 B AR BE R A —FE, 18 X DR S5 R 7 A AL BRAS B 25 5L, Bk AT LS B i 4544
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Table 4. Digitization of highest temperature
4. BESIRBTFL

FieXee| -15C~-6C -5C~-17TC 0C~5C 6C~10C
I 1 2 3 4
FieXce| 11C~15C 16C~20C 21C~25C 26°C~35C
EEe) 5 6 7 8
Table 5. Digitization of Lowest Temperature
=5 HBSEHFL
B -15C~-11C -10C~6C —5C~-1C 0°C~5C
9T 1 2 3 4
b 6C~10C 11C~15C 16C~20C 21°C~25C
EEe) 5 6 7 8
Table 6. Digitization of Temperature Difference
F 6. BEHFHK
b 0C~4C 5C~7C 8C~10C 11'C~15C
95 1 2 3 4
Table 7. Digitization of Weather Class
=T RREBHFNH
RAFH It EN ] % El
G5 1 2 3 4 6
Table 8. Digitization of Wind Direction
8. KEHFi
JATE] JeR ARALR AR AREA [ P A S PEAL R
) 1 2 3 4 5 6 7 8
Table 9. Digitization of Wind Power
=9 KA%FH
Wil 3~5 4% 5~6 2% 6~9 2%
) 1 2 3

4. BTEIBEMERFHENSKRBBRAT

ARSCAEW AT NI RS TAE I, 15 50k OB KT 7 58 RS EE N 20 [F) 4 B A = b (12
oA RHE MEHES), FEAIHEMETEN SVT HE R AT . A T R B RRE, AT
FIFAS 5] B RAE ZE B AL R A LATS BI85 R 2 N M BRI AR AR 2 22, LR B 2 S R AR 2 T AR R A
AT 22 R 75 10.00% LAY . B85 45 R 13 Fin.
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Table 10. Digitization of historical weather data of Dalian (Part)
= 10. BHFUNKERERSHIEGES)

H3% IR AR 7 R AT Wl
2011-01-01 2N 2 2 1 2 1 2
2011-01-02 £#IH 2 2 1 2 1 1
2011-01-03 £ — 2 2 2 1 8 1
2011-01-04 31— 2 2 2 2 8 2
2011-01-05 £ = 2 2 1 2 1 2
2011-01-06 2 2 2 1 1 8 1
2011-01-07 1L 2 2 1 1 1 1
2011-01-08 F A/ 2 2 1 1 1 1

Table 11. Processing the data according to months

= 11, IRAEH T

Ay 1736 2 Aty 3 At 4 Jy 5 At 6 Hin
ETRS 1 2 3 4 5 6
A 7 34 8 I 9 10 A 11 At 12 Aty
%'y 7 8 9 10 11 12

Table 12. Processing the data according to seasons

F 12 BELEHFHL

Fh 5 B & e
VER 3.4.5H 6.7.8H 9. 10, 11 A 12. 1. 2 H
Y5 1 2 3 4

TEFAXTE R ZE 10% 75 A4 RYE I TERE— D AN RIE 2, 13 BIME AR 2258, TR HH ARG B 78 1 22
N 100%5%F BRI FURFE S, S5 R UR (4 14):

W42 15 PR B A A0 CRICE /N D ) 2 st 26 1, anlsl 7. 141 8 B

EHARXHE R R 2 BT UE B EOE R e 103 iy, IR ZEAEA W o P 2 08 R 22 4E 50%
PARE, BEAE B0 R R MR, RETEREN: 0SB R ZRAE 50%L i, Bl 5 A0 R 2 1)
Perm, RER/NERENS . AAAHERT LA, OBl 2% A A IS R A, BHES  EE
REE/NT R IR 2, BB M T e S5 A W SR 4% H A B A, LG HTE
EH Y B P T R HE A A I A2 S R, B A% A AR BRI R 22 3N TR AR R 2, R 4% H AL ER AR
THZE B . BT DR AR B 2540 4 H AR BB HEZE ), IO SR S AR R 22 By, R S T 1 AR
. B IRZEEHILE 10.00% AN G FERFE S W13 16 Fis.

5. BAEHRERERA RIS
s SVT S AR IR, BT RIS BRI SVT SORRRUR AL R, MR (R IR ()
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Table 13. The error rate under different sampling rate

% 13. TRIRHEETHREER

o e F AL ) e F AL ) AR AL ()
e HiXT R HA R HXT R HA R
5% 97.37% 92.12% 97.43% 94.27%
10% 75.46% 70.62% 77.81% 79.56%
15% 70.03% 62.29% 76.68% 46.74%
20% 52.53% 28.38% 66.44% 33.09%
25% 43.39% 11.35% 52.27% 21.06%
30% 34.77% 8.17% 48.22% 13.31%
35% 24.63% 7.28% 30.46% 10.67%
40% 19.29% 5.38% 27.12% 8.66%
45% 13.73% 5.37% 20.35% 6.74%
50% 11.71% 4.34% 16.94% 6.22%
55% 9.56% 3.63% 13.52% 5.42%
60% 7.64% 3.17% 11.99% 4.53%
65% 6.21% 3.03% 8.87% 3.78%
70% 4.44% 2.33% 7.35% 3.64%
75% 3.42% 1.99% 5.86% 2.65%
80% 2.43% 1.53% 4.03% 2.27%
85% 1.66% 1.05% 2.56% 1.46%
90% 1.00% 0.77% 1.71% 0.99%
95% 0.55% 0.37% 0.82% 0.53%
100% 0.00% 0.00% 0.00% 0.00%

Table 14. The error rate according to months
=14 HALEBRER

KR & H A H (R PGS % 7 AL HR (1)
50% 12.15% 25% 11.13%
51% 11.79% 26% 10.56%
52% 10.67% 27% 10.22%
53% 10.26% 28% 9.68%
54% 9.99% 29% 8.95%
55% 9.79% 30% 8.78%

AU, U SRR R P O SRR T RN C R m=Cn®Priogn, Bt LU E MR (1-n"0)
PR MHERESR TR o T EABATA Y E LM EFERETE £ -
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4,

R &%

Table 15. The error rate according to seasons

= 15 RELEIRER

PREES b (%) KRR TR Rb (R
60% 11.54% 30% 13.81%
61% 11.09% 31% 11.46%
62% 10.51% 32% 11.24%
63% 10.25% 33% 11.21%
64% 9.41% 34% 10.88%
65% 9.35% 35% 9.70%

Table 16. The threshold sampling rate
F* 16, ImAR KA

Hl st % H A B () e H A2 () AL () 7R A R ()

I R 53.7% 27.3% 63.2% 34.7%

H SH 78 ok 22

— i ] AE H( HE) —— $ ] A B R —— AR ) —— A
100.00%

90.00%
80.00%
70.00%
60.00%

50.00%

R B 7S R

40.00%

30.00%

20.00%

10.00%

0.00% T T T
5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

R

Figure 7. The error rate under different sampling rate

7. FEIRERTHIRER

M r
é‘ocﬁ~ﬁ, )

Horb, v RO E r<n, n ONFEREATHOM SR R BRMEL, mORRERE T 2AnEE L M OsE
BBt e A B RS AT RO B SR A . AR, S, RWIEREY) TR R T, MR SR, R
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A AR E AT S 7T R 2
— J% AR — Ji A E R )
14.00% 13.00%
13.00% 12.00%
e e
2% 12.00% a 11.00%
§, 11.00% § 10.00%
£ 10.00% = 9.00%
Z Z
9.00% 8.00%
8.00% 7.00%
50%  S1%  52%  53%  54%  55% 25%  26%  27%  28%  29%  30%
R A%
ARG 7S AR % AH 6 I 7 iR 7
— AN B (R ) — %74 (R HE)
15.00% 15.00%
14.00% 14.00%
E 13.00% 1‘}; 13.00%
§ 12.00% § 12.00%
= 11.00% = 11.00%
= =
10.00% 10.00%
9.00% 9.00%
30%  31%  32%  33% 4%  35% 30%  31% 3%  33%  34%  35%
R TR

Figure 8. The error rate under different sampling rate (refined)

8. NEIRFFETHIRER (L)

FEREBE TR IS . X — RARR S NEDW B R, iR SR 8dE N moBoR AL 25 ), &
SRAEPE 5 ZE S A ol b, R SIS, IR DU B Bk m =M, BFER AL 100%.
S, WR m=0 HIBA CREE, W& — oo FORFEFELFIRIE. 55— J7iH, R CHKHHE N E i m 2E
MG DL, FERERORR rifoR, 0K, RUIEFEMXETIK I, R r=n, Lomiltk, LonEse i
RABIRGRKAE) o M, FERERIRR riflh, &R, RS TR, Wk r=1, Hn>11,
&E—0, R RA A7 8] AR AT S8 . RREOL, R r =0, FORFEFEAN 0
HRE, EEABHTEEI ARG AR

FTEL, BATIA T UE W # F  HEHiedie ie fRE B EL A e/ RO RE R SR & BRIV T

BUEA T H800, SERESIREN p A B8RS o MR H Y, &m R, &I,
W2, R AR, W5 q NEE), XML 8]0 5 B B Q0 Dy

Xig Xpp o Xl,q
Xo1 Xp0 00 Xz,q
Xooo=| , (6)
pxq
Xpi Xp2 =t Xpg
_XTp,1 XTp,z XTp,q i

RIS —A Tpxq BIFERE, A A% RS Ja P 248 AT AT 4R 51 .

M2, RAETATASTHEE FIDURE: $2 ] RHACEE . $2 I BEHRAC B . 42 F b H . fe i At
BRI EE, AR RTS8 2IHFERE 2 308 -

% Bk
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dE &
X non Tpeq = X1puq» U]
% AREHE:
Xia X270 Xg Xpua 0 Xraypag
Xmon,prq _ :Xz,l Xo2 7 Xoq Xpiag X(:T—1)9+2vq , (8)
Xoa Xp2 " Xpg Xopa * XTpa
A=A
XseTpg = X1puq 9)
R
Xse,prq = Xmon,prq . (10)

RO, 3% SRR BN T e HE AL B BAT AR R AR PR M2, 1% A R AL BRI i A Bt
AARFR LT AR A S 3.3 #00) 1% H LS 127 A B Hods 10 0 A JE 30 (X
BIATAPCR IR X 2 FF G E R, R AT 7R &8 eS8 =0T 2 424
) RN BIAS A 2% B AR 3, 3EAT SVD(FT FAE 73 ) 73 A5 200 R a5 H CLARAERESR L, 49 08):

X U

mon,Tpxq = mon,TpxTp

%1
Voo (11)
O-rl

A8 IR R (L) BT TR BRAE (AR SO 0.2)3E AT A S EL A BUELAC AL BE, SRR 15 BUAS R AR 30 Bk
PARHAMIIZH, e RE N G) iR 2 /M7 28 GMMBRI L . B 5. st JOENASTT G 5
TR TR EME, B3R R REE 17):

FTEL, MERIR 3 Bt Sz g6 bR i 4% A AR EE (B HE) 0 TR S Bl A B A S e ROR Bt

6. hEIRLE

TERTSCARBRATG KT (X 7 S R AR o 2. Bk, BEALREFEAE &, SRR SVT MifF 7 50
o DU AR 71 8 40 ) 0 1 AR 7 SRR B 26 A R VAT T MRS 7E, 24 R SRR I PR AL R LA LI
0 AR RO FIAR G, I R KR B 1R 2 P IAE 109 AP, IR 75 AR SOMOR IR 2 TR
ST AR L % 0 A R R FE A, A T35 BRI B 4 A4 A A ER (R HE) RSO E 2

Table 17. The comparison of restored measures (Average)

=17, FEREVRE N B LB (FHME)

A it i H AL FE (B HE) i H AL 3R (BEHE) TR (B HE) TR AEE (HEAE)
K Z AR R R & M 1.99 1.30 2.81 2.04
TR ZAEHAR R R R & 21 1.98 1.41 2.76 217
VLRA 2 R AR I & M 1.94 1.32 2.81 2.13
H B 2RI N & E 2,01 141 2.78 2.10
SFEIFEREW ML & 1.98 1.36 2.79 211
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R &%

HATRATRAE Q5 IR 2011 42 2015 S RHERIX HTA Lol M2l b, 3 s 34T FEHLR PR #EAT
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Figure 9. The error rate under different sampling rate

9. PRIRMHERTHIRER

AR IRTE R 22

% H Ak B ()
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Figure 10. The error rate under different sampling rate (refined)

10. NEIRFEETHIRER (L)
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I 7846 G
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IREAVES S, B — /o RECIE(S B Re L S MG B . N — RIS R, WA — 5 4H
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