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Abstract: The measurement accuracy for lightning direction finding by the Orthogonal Magnetic Loop Antenna
(OMLA) is continuously improved, which results in the Angle Measurement Error (AME) caused by the
OMLA machining error increasing. A theoretical model is established for the relationship between the
machining error and AME of OMLA. With the compensation coefficient and equivalent non-orthogonal angle
error, a AME correction method for OMLA is proposed. The AME of the conventional measurement way and
the corrected measurement way are compared through three groups of data experimentally. The experimental
results show that the AME by the corrected measurement way is significantly reduced by about 50%.
Therefore, this correction method can help the OMLA with the same hardware condition to obtain higher

measurement accuracy for lightning direction finding.
Key words: Orthogonal Magnetic Loop Antenna (OMLA); Angle Measurement Error (AME); Correction
method

Vol. 41No. 9
Sept. 2019

1 5l8
BHE—MRAIS, RAENKATHINBES

Wk ]: 2018-11-06; ekl 13 2019-02-22; M HIAR: 2019-03-18
MHEES: B8 miao _hu@hdu.edu.cn

BEEGTH: K ARP R4 (61705055), B EAZ ALK E B4
5K T 1 SR #E RS 4 (SKLNBC2015G03)

Foundation Items: The National Natural Science Foundation of
China (61705055), The National Key Laboratory of Nuclear and
Biochemical Disaster Protection Foundation of China
(SKLNBC2015G03)

LS ERY AN =1L NS S ER AT L LA R R NS ER VA T TR YN
ARARAT I g A o i O IR T Rk 1
Geitll, AERERP A KZ2000 & . XA
RATE MG FAERA WIS B AL AN
A ZALE R o X LE M S T . A
PEIE L, DR R I S I TR T, X AT A
VGRS N DN e o Al ) &= PN
AT,

HHF V2 [ 200 B L E AL R AR A I T
WH9T. B WL E AL &4 (Lightning Location System,


http://radars.ie.ac.cn/CN/10.11999/JEIT181016

2104 I I =

41 %

LLS) ¥ i 5% H T-Hi R AT r s o7 KA ) AR i 54T
o 23 JLHEART A R 5583, HRTLLS KR
TUOKS 2 5 R A R i i e 5 IBBILLS /2
Pl T R 1r A2 A AL Y T PR, DR I R R
P 1) T8 6 PR o) 55 2008 32 T LLS PR ERIHG J A7 S
B )2 3

SR R LI ) B R PR AT A I AT WA R &
(Orthogonal Magnetic Loop Antenna, OMLA).
Shy B v W T R R, DA R g AR R I A ) R 2
(Angle Measurement Error, AME) 5T 2 7 &
B Al Iy s A AN DR 2R IR 5 M, T IEAS G R 4 E 5
A KB g R A (1 — B0 R S A o 22 6 DR 38 | Ak D [
AR ZE N A NI, Bl LLSER M SR (A
frar,  HEATHEFR R S BRI T F R [v) F U K 8
Wik B, BAKI S, BRI KA AU PR
0 1e) K R R BT ALK k2, AR BEAE AR TR
BR,  IEATHEIR R 2 0 AR BREG IR 1) — S0PE R e £
RN T DRI R WS BRI
AR S5 1 AT G A TR 4 Tl A o 22 0] T oy ) K
JE, JUHGR R AR IE AW R 2 A7 T2 bR 1 3 o

AL R T Rk T R Ji TR DN 1) 1R ZE
WAERZ, RIIEATHAFR R 2k B B 2k 5 e el 1)
Fe, NI TARRUBRZE TR, T AR
T AR IE TV
2 IRNREBRIRE

PR R (B DA ) B [l e A P DA AL T 3 T T
AR T, MG VE— N AR AR, DRI IR S
R DAL 7S, ABCBEL O T BT 0 3 A 3
16, AFIBREEIN 53 ) Ay T A (0 IR AT WA R 2
HiZO0" N MIEL 47 . LOO -5 A, B
RIS IROMI /2 — 0 HRAERL SR HURER Y E
R AMIBREF_E 7= A AR IR L A R A o vl SR A5

0 = arctan (E5/Ep) (1)

AR 3 (1) r LAAG 2055 ke ), (HLPR A = £ bR

) RS AE, 0T 30 Bk 545 2 05 A

Bl 1 IEAZWEIAR LR N HE I i 7s R

O 1801 — SUPEM . T4 A I R H A
BB (1) I R&E, BRI I—A 5
WA T HL 3 R 2R P DN B 1, 12D e TR
HKelrls ()R ENEE R, RIS B B S % R AR A,
WAL, 73RBS B rRIA S, 1 REVLEE FE 7 H)
RUET R ) o PROA B AN SR, X R 2 B b AT
VR S 2 i 20 25 78 1) BR RO R AL ) BR T ), 493043
fife 1 2 B T R ) 1

H T ) T A8 T PR R 5 1) B FaL K [ ) 4
AINT10. TR E B R 3R 22 bR
220810 iR ZE MR 2R 5 5 SE kR 2

AR ZE R = A, o p T R b A 38 0 5 b
AN S8 A B O o AR SEBRIE AL, T LA
WIER T EERAEE T WSS, IR Z KT
J7 4y e BB B, WM 22 A 114 A ORI )
FEARMRRIGAG 22 W) . B SR s i, %) 5
A G K P AT RAE, SR Ha sk ). A
poK i it U o= LD GRS RYIN: NP B iR
N ERAE SR AR UIBE N/ o [(Tpliw: AL B: LON BB =BT
R TE T AR A A K e
SRR LR ), e 2 A IS 4k T LK R
FEL YL 0 F A1 43 SCPRTE 5 | R Rl () £ B B AR 22

b 22 3 BT o T A FLI ) S B AT AR A AR
Y BRSPS E s Hh R S DA . 4 TR
] W % R 2 A B e N, LT A AN IR B R AR,
PRl 1 37 b3 22 2 i e AN AR 1 ol sk K 2 (1) S G 4L
P T A S i R 22K, A6 7R FRK ) 3500
Wy bR ZE R e,

PUF RIS R LR 1 & 4 i 22,
3 XLBBEMIRE

Rk B 5 4107 RS I [l A 35 22 ] LA R0k R b
T (1) AT G R 26 17 ARV BRE IR 1 — Bk 22
St EROX IR ZEM N RIS, Sl TS
AN B 22 7555 (2) 1IEACHEIN R E: I ARIBIEIA A fiE
SEPHARSAE R IEAS, 3 X — R 2 I DN 2 G R
IR RER I I AN N FARO0°, PR THIAH B #h 4%
3.1 MM —HBMERRES

FESERRIG O, IEAT WA R 26 10 P RE IR A7 AE—
Bz, o 3 BRI AR KR, FE Bl A AN
o BINAMERE H T oseb W RERR 1) 22 5, DAk
BIHETE—EER H . AT LAHERT, XM
IEACHEIA R, *M REOEME— HAfE M. 8 XA,
B WA A AH [R5 A0 mi N FR B A4 0l ok VL, Ve,
IUEN =SS &S IV NP S W)

N=nh (2)
TEZ NG e MR 40N, DS AH [H) AR



59

B ARSI ) AT IR R A R I 2105

O F-REIRTT 5 ) IS PR G (R S L Bl 8, 4 AR 1
JE A, RERRIBTR M R B (E
3.2 HAIRIERZIRES

TR b AT W R 26 75 B AFNBRE A 111 fR
FERRALIEAS, 17 SERR G L AR 1 i T,
AAETIER 2, F1FA, BRI 2 Wb A7 7555

|
Vi)

R LR ZE A B, W2

LB E AT IR R LR 1 ARG UERG 45 PG40, £
JEE R 1) B IS -180°~ 180 i3k . & X7 HA
Kl 5 IE R SE bR A R0, () IM-SEMER
0o ML ER, FERGINERARSA: T N FL 5
PV L SERR AT BN LBl A V5 LB N

-90° V,|W

~180° (180°)

(b) TR

2 IEACH I RE AR 22 7R i

v, w A !
i
L
i
k|
E
S
[
[
I H
|
(a) SRR
V' sin 6
— = = K(0,6)  (3)

V45 sin f cos 0+ cos @ sin o
THA ARG 5 SER A O HUAE M &
0" arctan[tan6/K(o, )]

F=9 = 0 )
e ] LA SEBr M BEO R T H M0 5
SRR Lo R R
tan — tan® —sino 5)
cos o

T = AR B Y, X (5)he50 R
FE— 78 DX TR) I 75 AR 9 45 W) R 22 A JE o (B AT m ARV
B IE . MG (5), R & Hdis 0 R ) 5 47 s
RIS V5 A RO 5 S B A FBEOIEAT H 2 oR BT 1 25
PG, SRRSO SR ZE A E o H

DL X 45 08 22 0 JE o AT B0 T, R Ko
0 [ -10°~10°, o] DALVHAE K R&@F a3 s

I3 PT,  7E 25 ¥ 22 A JE o AN S O TR T 42
T SERR O AEO TR IT0°,  LRAE AIRE
A BRI LA RN SEE,  0E (10 o {8 A7 AE ME— T
[k {EL IR 5 2 6

TE SV S 0" 55 SE bR M FE0 2 22 A WA iR 2
8, A BRI 4 A4 15 22 £ S o ek N £ R 22 0 11 3
Wi, HE— 2D BT I AR R 25 505 TS B A FE ORI AR fk
L, 4R,

H AT A, 76— LR ZE Aok IE T,

D AR T2 0 B ARAFAE DR B I FA, A LR 22
O M AR BL S5 T S5 IR Z A B o
4 REMIESSELSH

LU i S SEBL R ZE B IE 0 # - AT BT
biEY U a8 by L P NE LN L IR A RE N =y Ll M

10 L—
7

o ) o A0
17%2?1;&& 7, 60 > %ﬁ(]\
= PR CEC I

‘?(D

3 KE S A

SR

R 0y .
%/Er /0) A0 eg)jr

4 PSR 7z H ]



2106 M7 5 F

SO 4 Ha1

FHHA0.4 ps, FREWA10 ps. WS HwmE 1T
IR IE AT HEIA R 2% o

®1 EXHTERESH

AN el 55 1 FLHER Mg Hmms
! (mm) d (mm) @ (mm) N S (m?)
450 4 0.3 50 0.2025

4.1 ERHIARLERIERE

B 1 AT G IR R 2 P ARG A P A% 45 ) AR P
K B2, 19 Frak vk, 4RGN 43 55 O~
80 mV [1) 3 [ A 3K 5% 1F A8 HE IR R 26 (1 A2 R %
n{EA1.097, #Mz2 R ZUM 53 B an B 5 TR

100
80 T
60 [

40 |

FRATE RV, (mV)

20

0

-10 0 10 20 30 40 50 60 70 80
IRBUEJSL V, (mV)

5 *hME RN

IRAG IE AT HEIR R LR AN R B (51,0972 )5
LE—180°~180° ] [H] B& 5 O A7 w3 0 4, B ek

B £ 5 A 0, 110 A ) S 9 R =X (1) TH 53K A1 P20,
I AL UM A -180°~180°, #E— 2523 [Bl )43 7,
WIS 05 SEBS A B0, EAT iR B (5) 1 263U
G WWEAS B IRZE M E oS HE R 3.43%. UL
AT T LI IE AT IR LR M R Hin=1.097, 4
MR ZE S 0=3.43°, XHANSEIZ KL E A
FrIES4L.

4.2 REMHIEER S

AT 7K U A B R 010 FRLRE b A5 5 R T 3k
IEAS IR R L AT KB 17y, R B 7 4 (B A
KT IE R B0 ) V5 A B2 07 5 SE B ff FEO )
AR 220 (A4 A 1.232°, FRUEZ 1.158°,

K 17 VR RIARANAME: R Hin=1.097, 45H4
WML o¥TH AL AN (5), KAFAFEI N B
EJE RS, FFE— 2 RAFH 1E 5 B i 2
"o HFIE S U A1 158 22 67 R LU I £ 5 22 0 B4 (A
1.232° R £ 300.72°, RZEH K(EHH2.876° K 2
1.805°, Fr#fEZEH11.158° F £ £0.715°. A T S HM
PRI IE R, AT BRI 2400 LESESG, 324
LU SIZ6 (1) 45 R 1 22 £ BE o 53 i) 4 3.43°, 1.85°H111.27°,
Y5 2 56 45 R 1R R RN £ 35 25 S RN 1E I PR £ AR 2
& EBUS I 4% 2 Pl A, I m 6. 5
Kk PR, HrIE G AR 2 B BRI, AR
MR 22 BIEE 6 (a) BRIK T746.9%, E6(b) BT
54.8%, KEl6(c)FIK T 57.8%.

- 4.0 2.5
4.0 | |
35 | 3.5 . 90 | .
~ 30 f ~ 307 ~
EQO :2> tlo
= 207 ;E 200 = 1.0
g 1.5 g 1.5 1 §
=10t =0 = 05
0.5 0.5 T
O _I 1 1 1 1 1 1 1 O —I .l 1 1 1 1 1 0 1 1 1
-200  -100 0 100 200 -200  -100 0 100 200 -200 100 0 100 200
SbRAAEES (°) SLBRA e (°) SBRAEES (°)
BN AR ZE o BRIEIIA R 2
(a) GEHGIRZEFA 0 N3.43° (b) &K ZE ) Lo /91.85° (c) SRR TES FEo1.27°
P&l 6 I A5 5 E DU A R ZE R LG
5 ZHRIG R H & iR ZEELLSH ) 25 g, FRARILAE

NSO IEASHEIA R 10 H B S5 R N TR 22 5
R ZEZ A R R BT T it se. SO 14F
RORZER AR, B3R T B IE TR IR
MR FEBAT IR IE . T 22 21 S0 0 BUIR U 1E 2L
Ry BB WA RZEFRLAS50%, P T IEAZ M
REHMEREEE . T L TARZRHT T IR

RGUE N TR ZE W o
2 % % #
1] &z, AR, X H. 5 R e AR 5 G R[], R4
IR SCHFFEAX S, 2013, 30(3): 17-22. doi: 10.3969/j.issn.1006-

009X.2013.03.005.
LI Yun, JJANG Zhidong, and LIU Zhitian. Principle and


http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005

91

B AR

R PR ) TE AR PR R PR £ R 22 1

2107

2]

B3]

(4]

5]

(6]

(7l

(8]

(9]

key technology of single-station lightning location[J].
Meteorological, Hydrological and Marine Instruments, 2013,
30(3): 17-22. doi: 10.3969/j.issn.1006-009X.2013.03.005.
Tk, 28551, sE . HR S5 ATIIE M. B Rigscd
R H A, 2000.

WANG Daohong, QIE Xiushu, and GUO Changming.
Lightning and Artificial Triggered Lightning[M]. Shanghai:
Shanghai Jiaotong University Press, 2000.

HABASH R W Y, GROZA V, MCNEILL T, et al.
Lightning risk analysis of a power microgrid[J]. British
Journal of Applied Science & Technology, 2013, 3(1):
107-122. doi: 10.9734/bjast/2014,/2466.

LUO Yi, JIANG Jingzhou, NONG Yu, et al. Research on
evaluating index of lightning protection safety performance
of high voltage overhead transmission line[J]. Journal of
Power and Energy Engineering, 2014, 2(4): 680-686. doi:
10.4236 /jpee.2014.24091.

MULLER M M and VACIK H. Characteristics of lightnings
igniting forest fires in Austrial[J]. Agricultural and Forest
Meteorology, 2017, 240/241: 26-34. doi: 10.1016/
j.agrformet.2017.03.020.

SRR, FERUAS. LT H v A R G IRV v ) i o ik Il
FVPAG[T]. AW T, 2007, 35(1): 73-75. doi: 10.3969/j.issn.
1001-9529.2007.01.021.

GONG Jiangang and TONG Hangwei. Evaluation of
lightning trip-out rates for Zhejiang Power Grid by using
lightning location systems[J]. East China FElectric Power,
2007, 35(1): 73-75. doi: 10.3969/j.issn.1001-9529.
2007.01.021.

VFRBG R T, XUF5I0. SR E A AR G A S K
Hr[J]. thifise /1, 2008(4): 29-30. doi: 10.3969/j.issn.1671-
0320.2008.04.011.

XU Min, SONG Ningning, and LIU Xiujuan. Cause analysis
of factors affect lightning location system fault inquire[J].
Shanzi Electric Power, 2008(4): 29-30. doi: 10.3969/
j.issn.1671-0320.2008.04.011.

LAZZARETTI A E, SANTOS S L. F, KUSTER K K, et al.
An integrated monitoring system and automatic data
analysis to correlate lightning activity and faults on
distribution networks[J]. Electric Power Systems Research,
2017, 153: 6672. doi: 10.1016/j.tifr.2016.10.005.

FE= WHEM RG] Ml EEOR, 1991(4): 1-6. doi:
10.13336/j.1003-6520.hve.1991.04.001.

[10]

[11]

[12]

[13]

[14]

[15]

i

WU Pusan. The lightning location system[J]. High Voltage
Engineering, 1991(4): 1-6. doi: 10.13336/j.1003-6520.
hve.1991.04.001.

Ak, WA H AR BRI ETT[T]. B A RS,
1997(4): 1-11. doi: 10.13442/j.gnss.1997.04.001.

ZHAO Rangyuan and PAN Weiyan. Domestic and foreign
lightning detection research[J]. GNSS World of China,
1997(4): 1-11. doi: 10.13442/j.gnss.1997.04.001.

UK. IR TS R ).
JRA%, 1999, 18(3): 266-272. doi: 10.3321/j.issn:1000-0534.
1999.03.003.

LIU Xinsheng. Research on lightning physics and artificially
triggered lightning over last decade: Progress and
prospect[J]. Plateau Meteorology, 1999, 18(3): 266-272. doi:
10.3321/j.issn:1000-0534.1999.03.003.

0t W HEN R M ¥ 5 LB D). (g 3], Jbae
HIEFE K2, 2011.

LI Xian. Optimized design and implement of lightning
location system[D]. [Master dissertation|, Beijing University
of Posts and Telecommunications, 2011.

LU Tao, CHEN Mingli, DU Yaping, et al. A statistical
approach for site error correction in lightning location
networks with DF/TOA technique and its application
results[J]. Atmospheric Research, 2017, 184: 103-111. doi:
10.1016/j.atmosres.2016.10.009.

WRIAEL, SRE W], RIIRAE. S SCMERZ A HUE (L R S s
a8 SR AR 7 T]. o E AL B, 1992, 22(9): 1002-1008.
doi: 10.1007/BF02656973.

CHEN Mingli, GUO Changming, and LIU Xinsheng. Field
gain of cross-ring magnetic antenna lightning positioning
system and its solving method[J]. Science China B, 1992,
22(9): 1002-1008. doi: 10.1007/BF02656973.

MARSHALL T, BANDARA S, KARUNARATHNE N, et
al. A study of lightning flash initiation prior to the first
initial breakdown pulse[J]. Atmospheric Research, 2019,
217: 10-23. doi: 10.1016/j.atmosres.2018.10.013.

BrRe B, 1982%FE, B¥E, W7 KIIRLEDE AR,

JeiR.

BEVERE: S, 10044, BULAE, BFILS 0 e B
WS 9, 197947k, BIUISUI. BEIOH 0 AR A

EIr R


http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.4236/jpee.2014.24091
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.1016/j.atmosres.2016.10.009
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.4236/jpee.2014.24091
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.1016/j.atmosres.2016.10.009
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.4236/jpee.2014.24091
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.1016/j.atmosres.2016.10.009
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.3969/j.issn.1006-009X.2013.03.005
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.9734/bjast/2014/2466
http://dx.doi.org/10.4236/jpee.2014.24091
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.1016/j.agrformet.2017.03.020
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1001-9529.2007.01.021
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.3969/j.issn.1671-0320.2008.04.011
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.1016/j.tifr.2016.10.005
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13336/j.1003-6520.hve.1991.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.13442/j.gnss.1997.04.001
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-0534.1999.03.003
http://dx.doi.org/10.1016/j.atmosres.2016.10.009
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1007/BF02656973
http://dx.doi.org/10.1016/j.atmosres.2018.10.013
http://dx.doi.org/10.1016/j.atmosres.2018.10.013

