Vol. 43 No.2
Apr. 2021

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

HA3E M
2021 4 4 J

doi:10. 11887/j. ¢n. 202102010
AN EIR S MM EEMSREVHEFEST
RNV E SN S

(1. BEHERE =2 XAFFR, Hd K 410073,
2. PRARAHAAREAE TS BRI TR AFLA, @ 4 621000)

http://journal. nudt. edu. cn

o OE b B AR SR AR TC AN AR TSR ok 1515 SURE TG 45 ) S BRI IR , SR T T A ML
o HARE PG Z FNRER R 2 AL SR SEE R MH 2, R T RS U8 0 BR Z Wsc o ) 11w 5
B 8 6L 0 J5 1% 3 At Bl T AHLARER Y 22 it B AR [EG, 5E T JR 2 B I 5 ik, R 98 TC A HLxE b B A v A 32 Al
B RENLITE IFFIAG R RISIEAT I B, 4B B TR /R 2 0Bk 2 Wl A 18 A7 iR 22 Pt R/ N 43 A
A3 ML ) B ARZEARFAN #1 S5 X R 25 WS I R ), T S T4 oo s ks I A

SR TC AL s X HE A R 7R 2 IR 5 1R 22 IS

FESES V279 TERFRER:A  XE4£HE:1001 —2486(2021)02 - 066 — 08

Analysis of UAV multi-frame fusion location and error
convergence characteristic for ground target

LU Yafei' , WU Anping'* , CHEN Qingyang'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Hypervelocity Aerodynamics Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)
Abstract; High-precision positioning of the ground target is an important premise for the UAV (unmanned aerial vehicle) to carry out target
reconnaissance , firepower guidance, effectiveness evaluation, etc. However, the accuracy of the UAV' s target positioning is limited by factors such
as many error factors and long transmission chain. The method of multi-frame image registration method based on Kalman filter for ground target
location was studied. By combining the multi-frame target image acquired by UAV, the high-precision fusion positioning of UAV to ground target
was studied based on Kalman filter. Monte Carlo method was introduced to simulate the error convergence, value and distribution of multi-frame

fusion location method based on Kalman filter. The influence of observation interval and line-of-sight elevation angle on error convergence was

analyzed. Several suggestions for improving the positioning accuracy were proposed.

Keywords: unmanned aerial vehicles; target location; Kalman filter; error convergence

To AT B e At L7 3 0 G B L o T 2
PE A T AN T S 7 A A S R T
T2 FIFFHE o A A% A [ A R R TG
AHL, 26 E O ZHFR T BRI, I REIE 52,
AL TR I AR S 05 AR R S
A5, o AMLRIRERE S REAT 1% 21 55 , A4
T TR X g &

TETNHLIAT X IR K515 S REIEAS
SEAT A5 3 R, X R RS B 52 0 FDIR A5 Al 2
R4 2 KR R 2 — . TANLE LR AL
AT E) F AR SRR 28, 454 TS A PLI
BRA TSR TC NN B S5 BB SRR
5 F bR 0 B AE 8 2 ROR B S R E T % H
PREIRZS A B B4 . 18R oA BE 10 2 (007

«  UWeFs EHE:2019 —08 -26

AN B 2B AT AR AT IRt 2
RIUR 22/ TR AT EE SRR PR 4 1 E AL A T

FT IR HARE AL RIS A R
LT, 2 N TS, AR T2 BIIRZE I R
Z MBI R I H 20, O AP s HARE 7
PR BE AN fel , X LA R i B 5 o0 R M 3 5 S5 AT
SEORSY TEEMURFHE R P A B 17
DU, e 3 e e D0 Al 3 5k 488 B Bk 24 i
WFTE AR o RIS AR PR s sh AR e AN ],
AN FER AT R W 0 o =3k
Ko/ il WRANIRAG 7515 LT fn k|
MU E ALk A . o, AU/ —5fe
bl 5 — R T 3% %07k A

EETE WIRA A RR2 AT B F (2017113366 ) 5 JEA AN 315 HoAR AL 4 ¥ B 55T H (2019JCJQII210)
EERIAT BT K (1985—) 35, T Ra e A, 1L, I Bef2 , A 301l E-mail : luyafeichina@ 163. com



42 1

RSP WAIROE Y B R 7E 2 1 S S VASREE L €5 C R i ) £ 67

THHPAE SHEE . SERTEESSI AT iR 254
2 K 22 R N3k G i ik
RIREURPas AHIX FEE LA R ETE, H
X TR R A BER T SCiR(13 ] 44
T —Thont [ T H ARIEAT 2 SOWI A TSR H AR
FENLRS B e OGN ER AU A A R
K I R IR 2 )% ( Unscented Kalman Filter,
UKF) %t BAnfr B ATk, 2 000N ) B 15 22
W) TAMELE . SCERL 14 ] 30t T —M AT
B R R IR 28T ( Extended Kalman Filter,
EKF) i) 0 Je NHLIC IR E A 5 125, R iz ik
E SRR B T — & RO . SCER[15 ] R
XUHLAE 2 WL T 25 A TR 1 4% iz 3l H AR ) 5 37 )
R, IR B SS 2 ff BE AT T ARAR A4, T iR
SECYAR NN =R 3/ 3y R = R R VA 12 R
BRLL6 T3 1 —Fh B T 555 R I% R /R 208 )
Hbra Mk, AT IR o 1 iR 2
B R BRI B S i R, SRR R /R 2
UM TV T LA S5 e o) L H A LA B

g5 ERTR Dy T B TC AL T H AR 8
(KT RE 3 R ] Z2 WUBUE il i D7k, A T By
AT RIR S UE WO R SR R A T i AT
BRZEBIE, AT DAY RO AR H AR E AL 22 . 72 2 il
Bollamn G b R ZE RSO O H AR Ry
AESEAE e AL R B . AU R T R/R &
TEP R TC AHLAS 1 H AR E D271k, TR E AL iR 2
WS HEA T 20T, I A SR RIS R T T L, 73
B TR R 2 0B Bk 22 il & 5 o7 1Y) 5% 22 8L
PR R/INFAG3 AR, 43 B WL [a] B R ARFAD £ 25 %
R 28 LS Y 52 i, T B T i s R ALK Y
jE i)'
1 ETFFREERBOXMBIREM T E

1.1 BEFT ANt B REM T2

T NHUAENG R i85 A v sl Ty F A
FRBAB I HL R e B T U | X 3 5
RFERGUIRATR] T M E A, N HAR R R
FIBRER E N FaR LS5 O E 2 e o ML TRl i
FIARBRER E OL i FEAN AL 1 s, G4 DX 20
HFR U B bR B ARG B 22 O L BE 5 H s
A KR E AT T R

DRI ZR AN H AR U3 i B v, JC AL B B3
SE BT R ME A I8 2 X, 35200 15748 R X
PEAT AR AR PR, 2T A 3 R i
AN TR T3 R BE ARSI AR 5 HARER
ER RSB E DL AR P, 3T H S i A

R, R
FFAIE &

Y

A

AN THBk
Habi

A

Bl H AR E AT
v v
BN e v Ak
BEHER iR B b
| ‘ l B IAIRE
HEABL
FrERILH i ER )
Ak AL bR

RLUREHR?

BT oAU H AR e (o

Fig. 1 Diagram of target search and location for UAV
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(a) Coordinates system for target location process
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(b) Calculation diagram of UAV ground target location solution
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Fig.2 Processing of target coordinate calculation
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Fig.3  Multi-point fusing location process based on Kalman filter
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Fig.4 Process of Monte Carlo simulation

x1 RERHSHHIES KA

Tab. 1 Distribution characteristics and values of error sources
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Fig.5 Simulated result of multi-point location error
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Fig.6  Error convergence course on east coordinate
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