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Influence of Doppler effect on the radiation positioning of the thunder source

LIU Lin, WANG Caixia, TIAN Yangmeng, CUI Lilan, ZHANG Xiaoyi
(College of Science, Beijing Information Science and Technology University , Beijing 100089, China)

Abstract: The employment of electromagnetic radiation signal is an important detection means in
current lightning research, and the accuracy of its positioning results is very important to correctly
understand the discharge mechanism of lightning. In this paper, the theoretical model of the Doppler
effect on the array and on the localization result of the motion lightning source is built. The results show
that the Doppler effect affects at different degrees on the lightning of different types, at different distances
and heights. When the speed of the lightning source is different, the Doppler effect is different as well,
and the errors cannot be negligible. This work is important for the motion lightning source localization at
higher spatiotemporal resolution and the refined study of lightning.

Keywords: Doppler effect; positioning; beamforming algorithm; motion source; lightning source

radiation

NHL R TR I — R BRSO e i RAREE B e B, () I B 7 PR i 2R Y iR v G e A
S HE T TR EE RS IER TAE., BE R FlfE RSN ER R, B0 RFE S ATk
2 5 A R R X TR HL 3 A A A e R I B R DA TR A L A S e R Y R BT

I FR T R A S AT R R RN R Y AT AR . TR AR A E TR, H Ik 7Ok
T ez A S P A PR R IR R LA S R AR T A U L o A B Y DR R AR R LA | L AR B
WA Z, OB I T2 S R DN L Y /N RORE T S AR Y AR A PR o e R A L R R R A S
R E R SR AL, AT IR AR /N [ A ARORS 20 M 220 1) A VR S T A R S S AR AR

LR A I 2 A S TE A R R IR, R SR TRIAR L R R UK i R S %) R B R A R R g, )
DT 20 ps, KIWGEFE] 500 ps®, Willett™ Fl Weidman®™ 55 F) FH 78 U 2% 10 5% TN HLHL I BOE | SR A BE it 728 46 15 58] b (1)
FE IS . gk . MRS S . B S TR — SRR K b )RR o 3k S IR R SRR A ) R G K b 8 Sy A
TE B LR R A — A B B A S A R R R AT D 6 D IR A AL, DR O L AR Rl R A R
HEAT T HL R I I E 7 o
KRB 2021-06-18; fEEIAHA: 2021-09-15
EEUWH: EXRARPIAEGREINH 413750125 41875008)




1136 ABEH PSR TFERSRE 521 %

TEF I iE S E IR A i R R A R, TR A R A B s AR, SR A 2 N, S S RO B
W i) S 1 A R U ORI A5 5 2k L, I 22 30 B B A [l o e R I I R L, K L 2 D Bk T AT BRI
F o AR ML S i s ) A A SCHR R AR 28 2 Sl R R IR S 3 O DAY R PR 3R A RO TR IR
TE LR o 0 T 22 i RN N az gl R R 57 25 SR B2 0 O 0 LR iR 45 R AT e M B TR

AR SCHE T [ ) A A B RO W B i, BT R U A IE L R S, 0 R IR AT BT S . R 2
BS80S X A6 2 SR A SR AR, () L Az R e R S A A AR e i R v A ) 22 BN, F X
PR 5 FE (L 45 0™ R B R .

1 ZE RN E B RN RE MR E

1.1 EHRESHE

T 2 7 23 (8] (Y 55 S 38 18 5 (0] o 36 18 P DN R A A B R R, TR T R R A R M DL 7 A Y I L R
Dy e AR . W R AT e . Bl A AR AR R R AR Y, TERCR AR, R
7 A B R K w2 1) 5 T T AR

I3 AT AL T AR bR I A B LR T AR LG S . RO N iDL, LONHWIRIOTHI K E ; BN ERR,Y), #EY N
B(R,t), "] i B4 I BB 1 ) S N AR B B AR R S S P AR A G, T AR B A ] AT — AR iy
WE SR . B AR a2 5, AT A DA R T R A AT A R U R I O B L3 S R R AR R R U

B(r,¢,0,t) = [J flzt Ric dz+f % &(ZtatR/c)dZ:| @)

E(r,¢5,0,t): 1 |:fH' 22212 f; (Z f— R/C)dZ'dT+f ZZ -7 (Z (— R/C)dZ fH’ r % ai(Z’,[— R/C)dzl:' (2)

2mne, R’ 1, 2 R? ot
K puy HHBS SR og WESH R, r AT SRR T S8 S A BLIBE; ¢ W IT
hﬁ,zﬁu?$ﬁﬁﬁ&@mm%ﬁwﬁwﬁﬁﬁ% R AL T 5 A L I T 5 R s S Rl BB S s o
OGBS E ARG HOTE B 20E B R R AT E P e, B LR H, BV R RCE H .
KT VRN Y, EHGLBEE NS T, AWSE S EE ok, B20hE Y, E#
eI s ROy, & FE . QWP LU ER Y, 2 WO N, 3 WU R . iR R, —
B R R JG — T AT, R o 2t KPR B A 4K, IR S 38 4 2 K PAE
EYEOLT , X B AR 2ok B R R o ek X U R RS s, R — D T B R
W 55 7 H B 4 IR B

—_— 7 —>

1.2 SE#BUNEIR

4 R 5 OULEE 7 AR AR B B, LR R AR ) I AR |QQE FMN¥
KA, X2 RO U i B R OR TR, 2 sk o
I RT3 S ML 2238 B8Oy PR I 22 5 W AR o A W) A BT AR U
PP th 2 X FE IR S, BEE BL2A R R, 7RI S L i ik
i R RE AR AE 25 R, RIS S R fa e, HAREE Fig.1 Schematic diagram of the Doppler effect
W, E 2385 8§30 v B2 W R 5 B 0B I i A R R A T AR R, (RS Bl 1 L3 i

P b IR PR R A R R R

AfF 50 T R T 1 AR e R A R PR A Y R ) 2 RS . R — A TR AR I A, TR R R IR 3 0 R
NS, BRI S AR RS e LI e D5 1) A X s gy, T I DR e A i R T AR B o 2 B 0N s TR A R 1
Fr s

P T A R AN i A T, WA 4] ) e WA ARl T R A A R R R A A AR R R, X — RS
UM AN ] ol T 2 ) 2 A i BORS T AN FRIE T, DRI 2 AT I 2] 32 i 300 A 0 4 3 3k X 55 LA D8 22 35 8 sk 1 A
PN AR U IOGE AR, (588 S B A XTI B 55 %5 IR AN IR I 23 8 e oG 2R o R WY, IS U
S LUHBE Vi P e L BN R I, H OB f A5 RO £ R SE AR, AT AR R X A D A Ol S AR SR A

c+V

Je=/, (€)



%59 1) X W& SEBRNXERIRENEMRIT 1137

1.3 ZEHHMEKRLIRE THHERE

FT T 4 50 6 75 3R K 7 T S A R BR AR B R S RN A AT AR, AR RS L RSO R )T T
A S TR R i A R R TR A REA A DA B T 6, RO 2 0 22 B AN I, T = A s (] A 8 R Al A AT B
Kik,

« lightning source

0|0 O

o0 O
sensor array element

X

Fig.2 Schematic diagram of lightning source movement and array location
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Tablel Influence of the incoming wave direction and the movement direction of the lightning source on the receiving frequency

wave source elevation angle azimuth elevation angle azimuth angle  receive frequency  receive frequency
number frequency/Hz 6,/(°) angle ¢,/(°) 6,/(°) 0,/(°) /Hz error/Hz
1 30 60 5 120 199 683 622 316378
2 30 60 10 120 199 658 120 341 880
3 30 60 30 120 199 621 960 378 040
4 2x10° 30 60 85 120 199 643 094 356 906
5 30 120 45 150 199 411 610 588390
6 60 120 45 150 199 388 562 611 438
7 40 210 60 230 199 389 869 610 131
3 65 210 60 230 199 345 437 654 563
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Table2 Difference value of frequency change and error under Doppler influence

wave source wave-source receive absolute .
) relative error/%
frequency/Hz speed/(m-s™") frequency/Hz difference value/Hz
1x10* 99 997 805 2195 0.002 2
1x10° 99 978 051 21949 0.0219
1x10% 1x10° 99 780 730 219270 0.2193
1x107 97 828 465 2171535 21715
1x10° 80 000 126 19 999 874 19.999 9
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Fig.7 Comparison of Doppler effect on positioning results( V0:104 m/s)
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(a) no Doppler effect exists (b) consider the Doppler effect

Fig.8 Comparison of Doppler effect on positioning results( VOZIO6 m/s)
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