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Abstract: To address the limitations of traditional UAV monocular vision-based ground target localization
methods, which relied on prior information of the target or scene and suffered from insufficient positioning
accuracy, a precise ground target localization method using up to two observation points was proposed.
First, considering factors that affected positioning accuracy—including UAV pose and gimbal attitude vari-
ations, deviation of the gimbal rotation center from the UAV center of gravity, and deviation of the imag-

ing system optical center from the gimbal rotation center—a projection model of ground targets in the air-
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craft geographic coordinate system was established, enhancing the model's generality for UAV-based
ground target observation. Subsequently, based on ground flatness, single-observation-point and dual-ob-
servation-point ground target localization algorithms were designed, efficiently solving target position coor-
dinates through geometric equations. Using the Phantom 4-RTK UAYV as an example, Monte Carlo simu-
lations and actual experiments were conducted to analyze the influencing factors and effects on UAV
ground target localization accuracy, thereby validating the effectiveness of the proposed method. Simula-
tion results indicated that the maximum positioning accuracy of the Phantom 4-RTK UAYV for ground tar-
gets reached the decimeter level, with measurement accuracy of altitude and gimbal attitude angle being
the dominant factors affecting positioning error. Positioning stability was ensured when the intersection an-
gle between the dual observation points and the target exceeded 60°. Experimental results demonstrate
that at UAV altitudes of 10-20 meters, the proposed method achieves a positioning error of 0. 34 m for flat
ground using a single observation point, representing a 60% reduction compared to existing methods. For
non-flat ground using dual observation points, the positioning error is 0. 47 m, a 92. 27% reduction rela-

tive to existing methods. The proposed method achieves precise target localization in both flat and non-flat

ground scenarios, demonstrating strong application potential.
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Tab.3 Locations of UAV observation points

P /(%) 2P/ () 5 JiE /m

1 34.23533248 108. 952 300 67 16.55
2 34.235 387 36 108. 952 280 32 16. 87
3 34.235 383 88 108. 952 258 92 16.79
4 34.23532106 108.952 178 58 15. 87
5 34.235322 49 108.952 179 69 13.43
6 34.235294 46 108.952 164 51 13.49
7 34.235 31583 108. 952 187 54 11.94
8 34.235 31595 108.952 188 14 16.9
9 34.235 340 50 108. 952 259 21 19.02
10 34.23534078 108. 952 259 42 18.91
11 34.235404 08 108. 952 220 18 12.56
12 34.235 398 34 108. 952 186 39 12.55
13 34.235 387 81 108.952 222 18 20.24
14 34.235 388 33 108. 952 221 24 16.42
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Fig. 15 Error distribution map of target positioning based

on a fixed single observation point
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Tab.5 Positioning errors of comparative experiments(m)
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AR V- 45 b TR 22 0.47 6.08 6.88




518 M AL S5 R PR H WA JC ALY e B A e 7 i 2869

(1 28 25 B s A% JF 39 28 6 52 3 B bR 09 2 47, (0
A7 8T AL AR BILSG O 19 067 B I 25 5%
A7 18 5 W), PRI A SC O A R T % O TR AE T 3
Hi T B4 5E 7 158 22 /N 60 %6 5 6 T IR 2 S — b 3R
B Ak B = A A AR AL
Bh A T K OF b fn, DT A S JE A HLAE X e R
N H bR 7 ER L0 7 8 A B A LA AR R T H
B A bR, 5 9% 07 15 A E AR SO A 7 B8 M T Y
TE VLR 2508/ 84.82% o T Rl OGE L 7 vk 8
i A TC LS H B 7 7E M 1 R S S
TR A L, T AE AR S 2H M T G 92 3K B A HL A
Xt H bR 3 B B A SOy iR A BT R
Fb 7 ik 1R XE B O vk 2 0 R R 25 BN T
92.27% M 93.17% , HWiE H T H &£ Z 1%
W

AR SCHE T i R T OO A S AL X
M H bR 7 S T AL B AR bR R T H
T 8 AV 5 5 A A R A b T A T T T R
O A5 FHOBUW) E BLBEE o TTER RGERLT
& 45 B | P58 JC A ML M H AR 5 A7 5 26 B bR

SH Wk

(1] xfF, P&, BEIL. —FEETHE&E=IMWEAN

ML BEU Rl 2 0 ik [T). A stk 545 8 T 22,
2025, 46(2): 32-37.
LIU Y N, LU H, CHENG Y H. A cooperative lo-
calization method for unmanned aerial vehicle swarm
based on machine learning[J]. Automation & Infor-
mation Engineering, 2025, 46(2): 32-37. (in Chi-
nese)

[2] PAN T W, GUIJJ, DONG H B, e al. Vision-
based moving-target geolocation using dual un-
manned aerial vehicles[J]. Remote Sensing, 2023,
15(2): 389.

[3] MICHALAK J. Accuracy of 3D ground radio sta-
tion location by a single unmanned aerial vehicle
(UAV) as a function of an increasing number of re-
ceived signal strength indicator (RSSI) measure-
ment%[]] Sensors, 2025, 25(17)- 5452.

[4] i, kAR, R, F M E AR E AR R

5 S e WA B K, AN JR) BR T T 38 b 1 48
FET AL M . SCBRSC IR A R AR,
OALEE b 525 B R 10~20 m i), 45 4 J7 2 0 - 30,
b T B UL AV R 25 R 0. 34 my, X EESF M M
TR A5 5 57 i 18 25 0 0. A7 m, B AT T
P0AE B 35 0 R B T B E T AR S IR MU &%
T A O S

% T Phantom 4-RTK Jo A ML Y 52 55 R & 15
PR Z TR, MRS = 6 RS
KR WE MR 2E N ERHE, K, = 610
A0 7y XoF v B EL A iR BURRE | o S AR B R 22
FRONE Tt B 2 5 AR ST b T OU I S H AR 2
] 52 23 #1 KT 60° I A LR 21 & o7 1 A Pk 5 R
i TR 14 A 1% 22 0 L S B S I 45 R — 3
R 6 N HLRE AT F G 1 15 22 10 i 5 000 5 ms 1t Ak
PRPE TR

1E& kL AR :
Hede o kA B A TS
Bl ¥ dm . mERE AT AR SIS
L# Y. R HIE ST AL,
‘37#/"9‘%\?&1%'
WEE LS

THEGTE N B E LRI ()], % = 3R, 2023, 44
(11): 3394-3406.

FU J B, ZHANG D, WANG M Y, et al. Un-
manned aerial vehicle path planning for improved tar-
get positioning accuracy [J]. Acta Armamentarii,
2023, 44(11): 3394-3406. (in Chinese)

[5] i, &AH, Hhikk. %FH*EXM'ZE%‘U“I IES

WEXZL XA D FERE L] BERBXF
¥, 2024, 58(10): 178-187.
LIU S Q, GAO Y X, HAN D Q. Tightly coupled
cooperative localization algorithm for multiple un-
manned aerial vehicles based on relative position
measurements [J]. Jowrnal of Xi’ an Jiaotong Uni-
versity, 2024, 58(10): 178-187. (in Chinese)

[6] &#4k, FRF, 58, F . AP E
MWFTE LR [T, FAL 5 441, 2023, 22(3): 21
33, 20.

ZHU D K, LID Z, GUO H B, et al. A review of
vision-based geolocation using UAVs[J]. Naviga-
tion and Control, 2023, 22(3): 21-33, 20. (in Chi-



2870 e RE LR %34 %
nese) [16] Fwa, k¥, $£%F, F. MG LANNEE
[7] YANG X W, LIND F, ZHANG F B, et al. High BT HARE Mk [T]. mi4 i@ 4R, 2025(8) :
accuracy active stand-off target geolocation using 19-25.
UAV platform [C]. 2019 IEEE International Con- LUO Q L, ZHANG S B, JIANG X T, et al.
ference on Signal, Information and Data Processing Ground target localization method combining un-
(ICSIDP). December 11-13, 2019. Chongqing, manned aerial vehicle pose information[J]. Bulle-
China. 1IEEE, 2019: 1-4. tin of Surveying and Mapping, 2025(8) : 19-25.
(8] spiF, Fhwesk, &, F . L AHLEROLI HE L (in Chinese)
R HER G| SR A T k[T ] &f,,&%%%&, 2025, 46 (171 A3, §h8, Rk, . MGLZAEEAE
(4): 44-55. BB T ANHLE AR L[], S5 4% 242,
GUO R Z, SUN X Y, SUN B, et a/. Calibration 2024, 32(14) : 2272-2285.
and guidance-positioning method for UAV-mounted LING Z C, LEIZ K, HUANG D Q, et al. UAV
laser rangefinders [J]. Chinese Journal of Scientific target positioning integrating multi-dimensional atti-
Instrument, 2025, 46(4): 44-55. (in Chinese) tude adaptive sensing [J]. Opt.  Precision Eng. ,
[9] ZHANG X F, YUAN G Q, ZHANG H W, et al. 2024, 32(14): 2272-2285. (in Chinese)
Precise target geo-location of long-range oblique re- [18] XINXL, CHENXR, ZHOUHY, etal. Gauss-
connaissance system for UAVs[J]. Sensors, 2022, ian mixture filter-incorporated self-attention residu-
22(5): 1903. al neural network for UAV joint error identification
[10] RAEZ, KEG, &84, F. ETERICE ML and target localization [J]. IEEE Transactions on
N B 85 H b5 E 117?/2 [J]. 54 5 4 & 54k, Instrumentation and Measurement, 2025, 74:
2025, 45(3): 287-294. 6509914.
ZHOU J X, CHEN Z G, GAO D W, et al. A [19] R, ek, &P, F. ETHRAMENTA
UAV reconnaissance target localization method HLH AR AT BV [T]. s Fhuml & 544,
based on image matching [J]. Jowrnal of Projec- 2025, 33(6): 215-222, 253.
tiles, Rockets, Missiles and Guidance, 2025, 45 SONG J, ZHENG H L, YUAN J P, et al. Re-
(3): 287-294. (in Chinese) search on target ranging and localization methods
[11] RENK, DING L, WAN M J, ez al. Target local- for UAVs based on monocular vision[J]. Comput-
ization based on cross-view matching between er Measurement & Control, 2025, 33 (6) : 215-
UAV and satellite [J]. Chinese Journal of Aero- 222, 253. (in Chine%e)
nautics, 2022, 35(9): 333-341. [20] =7, &4, Foek, F. LAHLEM H AT
[12] PANT W, DENG B S, DONG H B, ez al. Mon~ Fe 5E kA iuﬁ@tm. Wk b4, 2021, 28
ocular-vision-based moving target geolocation us- (11): 94-100.
ing unmanned aerial vehicle[J]. Drones, 2023, 7 WANG N, LI1Z, LIANG X L., et al. A joint real~
(2):87. ization method for UAVs with single load in object
[13] GUO ZJ, ZHAO F, SUN Y, et al. Research on detecting and locating [J]. Electronics Optics &
target localization in airborne electro-optical stabi- Control, 2021, 28(11): 94-100. (in Chinese)
lized platforms based on adaptive extended Kalman [21] CHEN N X, FAN J Q, YUAN J Y, et al.
filtering[ J]. Measurement, 2024, 234: 114794. OBTPN: a vision-based network for UAV geo-lo-
[14] LIUX, ZHANG Z Y. A vision-based target detec- calization in multi-altitude environments [J].
tion, tracking, and positioning algorithm for un- Drones, 2025, 9(1): 33.
manned aerial vehicle [J]. Wireless Communica- [22] HAOY,HEMF, LIUY Z, et al. Range - visual
tions and Mobile Computing, 2021, 2021: - inertial odometry with coarse-to-fine image regis-
5565589. tration fusion for UAV localization [J]. Drones,
[15] QIU X, LIAOSY, YANG D F, et al. High-pre- 2023, 7(8) : 540.
cision visual geo-localization of UAV based on hier- [23] TONG P F, YANG X R, PENG X Z, et al.

archical localization [J]. Expert Systems with Ap-

plications, 2025, 267: 126064.

RTAPM:

method with visual-inertial assisted joint optimiza-

a robust top-view absolute positioning



o518 1

SLGgAE 25 M B FOULI B 5 AL 3 AR E A 5 1%

2871

[24]

[25]

tion[ J]. Drones, 2025, 9(1): 37.

FE&, £2F. —MBIEWNHIE N SR KIEE
AT AL MR BIR 2L/ A2 i e,
2024, 49(1): 36-41, 10001.

LUO X L, JIANG W P. A modified adaptive
Monte Carlo method for nonlinear function error
propagation [J]. Jowrnal of Geomatics, 2024, 49
(1): 36-41, 10001. (in Chinese)

YE J, ZHANG Y, CHEN Y J. An improved

Monte Carlo tree search algorithm with dynamic

BREE1987—), H I RiIEIr AL 1
&, R R L 2009 4E T b E Aok 2
(R ) ARAT 2 2 i, 2015 4R T P4 2%
B3 R A ARAT T o, BN AL
ML E 5 e AL — Al i T AT 5T

E-mail: xhxia@chd. edu. cn

[26]

classification for multi-spacecraft multi-target allo-
cation[J]. Advances in Space Research, 2025, 76
(1): 412-428.

WA, RAM, @R s o AL %4 3 4 i s
B A K e o Bk [T]. & TR, 2024, 45
(S1): 354-360.

YAO Y, SONG C L, SHAO J Q. Real-time de-
tection and localization algorithm for military vehi-
cles in drone aerial photography [J]. Acta Arma-
mentarii, 2024, 45(S1): 354-360. (in Chinese)

& @It

B #2h (2002— ), 2o B PG PG 22 A, B
ARG L 2024 4F TR %R F AR 152
Ry DANE e N | s RS
%% . E-mail:2370632817(@qq. com



