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Abstract: The workflow begins with approximate orthorectification of aerial images using coarse position-
ing results and flight parameters, followed by extraction of the corresponding satellite image regions.
RepVGG is employed to extract coarse image features, and initial correspondences are established via
nearest-neighbor matching. Candidate pairs are then filtered using MiHo clustering and normalized cross-
correlation (NCC). The refined correspondences are further enhanced by a Transformer module to
achieve precise alignment. Based on the resulting high-precision matches, an angular error correction ma-
trix 1s constructed, and iterative refinement is applied to effectively compensate for systematic errors. Ex-
perimental results indicate that the proposed method substantially improves positioning accuracy relative to
conventional approaches, achieving an approximately 70% enhancement in representative scenarios; even

at a slant range of 90 km, the positioning error remains approximately 120 m. By leveraging image match-
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ing under challenging viewing geometries, the proposed passive localization method provides a novel solu-

tion to limitations of conventional algorithms. A two-step matching strategy integrating Transformer-

based feature enhancement with MiHo clustering-based filtering is introduced, effectively mitigating the ac-

curacy degradation of traditional passive localization under high-altitude, large-oblique viewing conditions

in the presence of small angular errors.

Key words: image matching; target location; airborne photoelectric system; passive localization; large

strabismus; Transformer.
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on image matching
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Fig. 6 Single positioning results
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ing error
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Tab.1 Positioning error between traditional algorithm and proposed algorithm

Flight alti- Target slant  Inclination

Monte carlo Coarse localiza- DEM er-

Proposed match- Proposed

No. tude/km  range/km  angle/(") error/m tion error/m ror/m ing error/pixel error/m

1 14.7 50~60 72.9~75.8 333.4 370.2 100. 2 49.2 52.9

2 14.7 60~70 75.8~77.9 515.2 500. 4 150. 2 60. 8 65.4

3 14.6 70~80 77.9~79.5 719.2 820. 8 213.6 71.9 77.3

4 14.6 80~90 79.5~80.7 870. 8 1026.7 330. 8 87.7 94.3

5 14.6 90~100 80.7~81.6 1076.6 1400. 2 500. 2 114.6 123.2
3.3 EREREXEEMEETLL (Sparse Feature Descriptor with Dense Detector,
SR 8 U P B VR RS B S AR E L B A SFD2) ™ | fie /N Ak 5 PE iE 5 3% (Matching with

ARy 3 It R DT E 5k 0 AT X b S 5
A 45 RBE AN A8 FEAIE ZZ 4 (Scale-Invariant Feature
Transformer, SIFT)"" | & i &l {4 45 8] 5 4 6
(Discrete Image Space Keypoints, DISK)"™ | ¥
JE R AE W 4% (Deep Local Feature Network, D2-
Net)®'  SuperPoint: [ W8 248 5K 0 5 46 4 7

(SuperPoint: Self-Supervised Interest Point De-
tector and Descriptor)™" | 3& F Transformer ) Jo
K P #% 5 AE UT BC (Detector-Free Local Feature
Matching with Transformers, LoFTR)" | Lift-
Feat: 45 14 fb F#1E 2% 2 J7 % (Lifted Structure Fea-
ture, LiftFeat)"™ g R A 4 28 15 %5 42 46 0 4%

INteraction-aware MInimal MAtches, MINI-
MA)P B %% R EB A 28 # 2% (Efficient Local
Feature Transformer, EfficientLoFTR)™ , LI }&
AR SCEE

FEPF AL ik #2 R & B, SIFT, DISK, D2-Net,
SuperPoint Fl LoF TR 45 % 4t uk 3 i 5 2 76 A 52
U9 & 5 T B VG IC 45 SRR BAR 3 Bk DT RCRS B
I 7 158 22 K, M L A % S 6 9 R, IR Ui
KA LG 5787 -

B8 FN K 2 45ty 1 AN Rl RAT vy BE AR 2%
T, 2 EIR UG B0 5503 1Y o7 1 25 X0 He g SR . Al
DL Bl B bs #HEE 00 3G R0 R AR Y 1
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Tab.2 Comparison of positioning error of different image matching algoriths

Flight alti- Target slant  Inclination an-  SFD2 error/ MINIMA er- ELoFTR er- Proposed algo-
tude/km range/km gle/(°) ror/m ror/m rithm error/m

1 14.7 50~60 72.9~75.8 100. 8 85.2 60. 2 52.9

2 14.7 60~70 75.8~77.9 125.1 100. 5 78.7 65.4

3 14.6 70~80 77.9~79.5 147.5 164 100. 9 77.3

4 14.6 80~90 79.5~80.7 230.3 190.7 120.3 94.3

5 14.6 90~100 80.7~81.6 275.2 250.8 150. 7 123.2

RIEGS T A FIRAEITRCHS [ DCHC S K RURORFE , SFD2 FI MINIMA #Y UT JiE i (7] 2 4,

DL R PERE SR b LRI XS LSS R . sty

R3 BEBQREREEMERELL

Tab.3 Performance comparison of image matching algo-

rithms
. Matching Number of Inlier
Algorithm .
time/s matches rate/ %
SFD2 0.3 570 5.4
MINIMA 0.5 680 5.6
ELOFTR 1.1 1000 10. 8
AL 1.5 360 50.7

R 0.3 s A O.5 s, M HE T B R AR Y
ELoFTR 5 A 3C 77 % #& 0 A0 XF 8+, 43 31 Ky
L.1sHI1.5s, fEVCHCE A J7 i, ELOFTR g%
PR B 22 VETE A5 (24 1 0004 ), T A SC 07 B
HH A DT PC B AR R B (29 360 1) o (HARTEE
F SR, A SCTT L A A 835 50. 7%, i SFD2
(5.4%) ,MINIMA(5.6% ) f1 ELoFTR(10.8% ) .
XS5 R R BRSO AR DL B R R
P B H LB A DG T i T & R R T T
AR A5 L PRAIE T AR E RS B AR T
Hg L A HEMENEAERETEZ0
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Tab.4 Result of positioning error in ablation experiment

Flight altitude/ Target slant Inclination Error/m
No. km range/km angle/ (") Method A Method B Method C
1 14.7 50~60 72.9~75.8 97.5 201.4 52.9
2 14.7 60~70 75.8~77.9 117.4 273.8 65.4
3 14.6 70~80 77.9~79.5 145.9 298.4 77.3
4 14.6 80~90 79.5~80.7 225.7 361.9 94.3
5 14.6 90~100 80.7~81.6 250.8 432.5 123.2

m ot AT %0, MiHo+ NCC i 3% #L i 76 %% 14 4
BRrh BTk f K o MiH o A5 e 38 1o X5 ) 4 DE e o
T UM —BOME B2 A R T i 22 5 B4R
b5 | Y BE HL AR DT IE . NCC AR B I 766 B2 J2 1
M T S 25 5 5l IR R — B Rl Y R A A L)
2. AU FEER, 28T 8 6 (h

Z310% $FHZ 50% LL ), BT A 2Ry B A
Peft TRE AR . X R, MiHo+NCC &/ %
T PR S A B AR T DR OB R

K 40 Ak DG Jic A5 B = 2 B 5 67 1 W AR R A
B %A e g R X S R A B R B Trans-
former 4 Jay P Ak, 45 2500 /N T DE B A5 18] 715 22 i
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