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A rapid mapping method for UAV aerial photography in fire rescue

BU Xiangpeng', ZHAO Tuhao®, ZHAI Haozhou’, HU Tianjiang'”’

1. School of Aeronautics and Astronautics ,Sun Yat-sen University ,Shenzhen 518107, China
2. School of Artificial Intelligence,Sun Yat-sen University ,Zhuhai 519080, China

Abstract: This study proposes a semantic information-based aerial image stitching methodology. In the
first stage, a coarse registration method using projection transformation based on 3D vector rotation is
adopted. Through geographic coordinate conversion, view frustum modeling, plane intersection
calculation, and projection matrix estimation, efficient coarse registration of aerial images onto a
unified elevation plane is achieved. In the second stage, a semantic segmentation and LightGlue feature
based optimization method is utilized. Each row of images after coarse registration is treated as an
independent optimization unit: road topological structures are obtained via semantic segmentation, and
high-precision registration is realized by combining a lightweight feature matching network with
geometric constraint optimization. Experimental results show that the proposed two-stage optimization
model effectively overcomes the dependence of camera intrinsics. Finally, the accurate disaster-
stricken locations are visualized on the geographic system interface, enabling comprehensive and
systematic recording of disaster characteristics.
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Fig. 1 The network framework for UAV image stitching
2 BT = ) e e P A 1 M
LR i5
FAAIL A AR A B R ASE Ay DU g LAy 4540 , A

Y 00 30 B0 7 DU AR HE R ke il . DB R S H bR
ST Y A8 43 XSk R AE T A ML AR 1% 1A% B LA
Ei'e 2 BB GIE RN iy)]1))3 e 1 RN v RN BV
FOA (R L0 22 257 1) BUR B Rk o A S 3 25
(] = 4k ] 538 5 5V E LR 28 22 0B, AT B R
WAL, SEIMTAT RIS 38 G — v R~ 1T A R A 7
2.1 MEESHLEE

FeF TN 5E A F2 G0k B 28 26 = B
(lat, Ing, H ), ¥ T AWM F 5 S T, DA 3R A5 bR
R BB R AT AR (x, y )o BBRICHIE AN

x = ad Ry,
R,. 1.0+sind,
Y= M0 — g,

FA A, by, o3 50 Ry 2 B RN B (RS (L, R, A LBk
A2 (BUH HME 6378 137.0m) .

FE AP AB KR O, =[x, y.. 2,1, H O WITA
] A A o D ) B VRO HH ) [ S i, AR
RAERE L HAS B R 1.5H . AR Pty [ 6 v, A A A AR
b5 ) R B P 1) 2w, 2 S A AR

Wit e R (6, ¢.) = R,(6,) - R(¢, )X
O[] v, PEAT 25 (B AR M, 0, F1 b, 43 I I 2 45 I i
S R,(0.),R,(b. ) WHEHEE M5

PRI 4 Z5bs 100 i bt [ B v, 58 WIS F- T 1Y)
X5 Y RRERE A= il o B O ) 5 v, 8BS OT- THT Y

Y Bl + h;v R f A3 T

FUP I, KO A B R FE 6 0, 250
1%%@5@xmﬁﬁ%i%,ﬁﬁémnfmﬁ@§

vy = RX( ug‘”)vo,

v, = RX(—U(;'“")DO,
Hopud,, 3 H 7 AR IR . 4 250 7 e &
{00, vy, 0y, v, ARSI G TLAAT S0 L
2.2 H|EIERENE

E%ﬂ44@%@?{vL,vR,vU,vD},ﬁﬁmi'ﬁ

ST AZ AT 4030 ) 5P T Y 4428 Ak
LA 1| 5 7 O N € e ) <9 R L I A3 7
{PisPrs Pus oo




514

NFEMS, S5 T 1) T B RO AR 1 ) JC A ML DR 1 T 12 7

W E Tz + D =0, i N H, U D =
-H, $HEmENE S, = [%n%.a%i*ﬂé@fﬁ v,y =
[%ets Yerr 220 ) FVEEI DT 1) d Ny

d=v, =0, =% = Xr Vet = Va2 — 2]

MENSETENp(1)=v, +1 - d, HH 1 2SS
o ZRipt) bWl fEz+ D=0,z +
tod.=-D, Hd =z, -z & dIE I
GiiE . SRAFZIT RS E
=D -z,

-

SR ACA MRS RO R 1525 S A b p =

v+ (‘Dd‘ ) -d Rk

t

x=x,+t-d,
y:ysl-l-t'dy’

z=z,+t-d,=H,

Hrd, =x, x5 d, =54~ Yo

HE TSR A IS AR prs pros pus po f» T X
4 A~ 32 AE DR T b f AR bR L T B R A B
H e R, #7 B P55 1F S 45 5% 57 1 ) £ JL £
Wi G 2 L PG 5% 5[] — - 1 L 35 F Alpha il
S 37 B R A SR, A S R B R B 14 2
SR G BHEALIC T , i ORI HE PR 0. A
REL L P e T s, AR T AL 1 22 S22 75 o
1, AT P 53 2 BB i 1 2 ik 2 AT 42
1254 0, TR S PHEAL .

3 ST EMB A HIRRS B EC T

RLPCHE AR DFE B G A7 P B HEAS T 3
i, (B AT IR AR IR AR A SRR 5 N R ) e B R R R
25 AR TIE o #1S LightGlue 54k DT At
AT IRl 2 ATk 1207 K RS v s ) B4 ]
18 0 NI SRR TT , i3 1 SC o3 AR IBUE
FNEE A, 255 e i AR AR DT I R 2% 5 TLART 2 SRAR
o, SEB RS REAT R BCAE
3.1 BN SEBRHIHNER

TERG BRI Z 1, T o B BHE KR 0, 5 LA
Mo Pl M AT TIAL B, LI BRI R e — i 5, OF
DR SRR S B DT C A R REPE o R B D
P55 T M P R AT Ak 3L, A 2 T4k PR ) PRI
(0NN S

BAm L AR —1 H . BRI R E
H—feZ [0, 1]IX[E], ATH BROG B PF R 2, I8
PR BTE LBRUA ERA S Sk i AL, ff B

Hh ] 3/4 DB B R TC MRS B2, K 0 SR AR 1 R 1R K
T LE B AR B DR R B 2 T8 B DX

Sy S B R B A LAy, AR 1 SR A UNet3+48
14 (Huang et al., 2020) 1 JJy 1 53 #1945 , 42 L T
BHE M, 0 B R D o G B A% — A
i AL RE RS A SO PR R 1Y 42 )R 5 R R, 3 ]
TR MR AT LAy 5T 55 o

UNet3+5] A4 R BRBRIE £ , AR a8 2R
ARl TR RUBE ) i 25 AR AIE SR Rl G2k A T /N RS
24 5 118 200007 J3E RAE R B R RUE ffe ) 25 1 AR R
FRAE , RENSAR 3R 4 RUBE TR (0 2000 B RIORLRE B 18 AR
B TRHMERIERE ) . FIRTSIA T 2] S
P, 3@ ok w0 iy A USRS S B R, 18 e BT
%, BERZ I A A B bR X3 A8 BH A 2 B 43
R RE o 38 2 R R W R B A R U2 Y R AT
WEB, 75 19 4% R % SRS B L 0 H A il B, Ik
PERER.

i 3 UNet3+42 04 A i B 4L i 43 B 25 e s =
Sigmoid (+) , (+) by At i ik 4 RURE K BRGZE 4 il 45 1)
L RBEFFE s € R A TR Mo & M, 38 B 4210
TAHST R

JE 2 4 5 T R A TR B AN TE 2, AR SCE
BESRIERY A2 i — > 3 x 3HAEIE (45 T £ (K
1) AT R B #R AR, B PR R AE S D LA BB FE 25 T8 &2
A X, 3 IR A 5 VG A e Y R . Hed W
T5R] FE2 J2 B A 35 45 A EHLAS DU IR A 36 %

3.2 LightGlue ${E P

¥ D AREME M, STEIHERK 0, TR
MEFEBCS VR . A SCR F SuperPoint 2 509 £ 7Y 5
AR T . N0, THRBUEBERHIERE P, =
{Prspor =eopufopr € ROEDHE G LR Z A b7,
MM, PGS B SEPL, = {g 40 00 0
q; € R & TR A I Ayl A5 38 Ak g

78 17 2K H LightGlue ¥ 2% (Lindenberger et al.,
2023) PE AT 4% fE VL L , LightGlue T30 A T1 & 4 1]
M., FBGEPHEEIME 0, F R FFAE AR 22 8] 1 &5
SYVCHL S F i [ L A sE SR R I pL
SRR AR VT BC SR WS A LU AR 40 7 i B T S
PR RS

LightGlue MZ5 35 i1 T — A2 901 head,, 7E1T:
T2 W AR BT RS T AR AE DG
BT S T A A5 22 8] R — A O AR R 43 %
FES e RV

S, = Linear(xf )TLinear (xf) ,

(i.j) € A X B,



80 iRz (HARHERR H3E30)

%65 4

P Linear (+) & — >0 2% > {9415 i B 00 2 1 728 4
2o A B2 5L B P 5K B R 2% H AESS
RS M NG5 R A S B ARG TP YRR
W BRI ARG TR LR A
FH BEEG HEDRHIERA T, A7 5 x RN A4
BRI RRB . RS T R AR R X R R
T s ) B A A [ UR AR RE A BV UK
X IS ZR SRR

N R R — A AL R B o =
Sigmoid[Linear(x,)] e [0, 1], 15 B i 7R 1 i 7E
75— AR AT R A HE S o 21 A5 DR JBE 4 R
For i 5 ICVC Be i, BRI R 0,

HE AR 73 BRI AT DG e PR 3 B2 ok 3
AR B AR R

P,=ol0d’! Sohfterrgax (Skj)i Sohf_terrﬁ}ax (SM. ),"

S (7, ) P 2 B T S T DB, 3 FLAT
ABLEE 4y PR A P i %o e KBNS XF A2 ) 5 A AL
KFR o et frh, B4 P, AU BB R = T
VLA, XK T HIE T s b A BT A TR 1Y
SO

1 3 2 A 5 2 TR PR S Tl B Y
AR s, 2 T U FCAS 20— A oA AR B A o
TR M, S PR R 0, LR A
P = (p ). p0 = (a0 0) I BE DHE RS 0,,,,
AR Y = (a6 V) K TR M, PR
I s AR o

1 AL PR 5 B A RRAE R IR UG P 1R
ARBR AR B ORATT S R R Rl T IR AR RS . L
BT JE RBCEDHERB 0,,,,, FHE R AR pi i 5
I A RS o, 1 B AR IR SO BHE IR 0, TP Ry
HE AT A7 0 IR 00 5 G LR MO M, S
5. pY AR BRI LB RS ik, £ B HAE U 1L M
M AR S AR Y B AR BRI, 45 1F I B A
Bl 22 Sk PG RO Y L, 75 D) AT 6 5 2y A 2
e If Y AR BB A

fdi 1T RANSAC (BEALRE— 20 Sk Ak 105 5
AR R L F B0 50 Bk 15 DT C A (R ) B8 v S
(RN R o= N R B N 378 O R S R (TR
FETFSHC R TR . R BCE BHE R 0, 85T
175 S R A A A, A 4 28 TR b T M AR AR R SE B
XI5 ~ HpY.

AR 477 5 70 46 1) 4 TS RN 7 % S 88, SE T I AR 4%
PHERIR 0, Wb IRTCEUE s e U7 S A2 e P 7% 4

(IR et oy M B AR Bm 22 1) D A%, S BT 14 150K
B PEE , f R B ICHEIRT 0,0 6T SUE B BT
RIEDHER R AR IR 1 PR

R ETIHEE BN REDHER LR
Table 1 Pseudocode of aerial image stitching algorithm

based on semantic information

A AR F I T B ref, TUR I M
ik DR 0,

1: for/ in/

2 P ref

3 if T 22K
4 Pl 1,

5: else
6

7

8

9

/BB 1%/
WGS84 2244 & —Web Mercator
SHELER R(0,¢) = R(0) - Ry(&)

: VT3S L MRHT B PR A2 15 poo P Pus P}
10: HR A5 32 0 PR 25 A A 5 IR 2R A s 3R fi A
JERE H
11: end for
12: BSgm R ERR 0,50,

13: /*BrBe2%/

14: fAM,O0,

15: BB — 0,0 M,

16: UNet3+MZ5#IM,  — S
17: SuperPoint FFHEFEHL
18: LightGlue FEICAL — P = (p". p))

19: HUEARFRIEIE
20: RANSACAS ST HM Y ~ HpY
201: BRI R 0,

4 FILIE

FETHEZT51 % 4 5 AirSim BELLESAA 2 kS B ik
7 =44 B 245 (Shah et al., 2018) , LA 75 5 17 Hb
PRAE SO0 L S ki b oA L S AT R Gy
FLORATSEE, R 2 A TE AHUTHA AR B, # 2k
HLA 3 AL R A B O AU AR o TR B ARFT AR 2
TE AN IR 3z 8 Ik 557 & TF R S S 9, R R
§ 2825 300 RTK o A WL # b B H30T 214 &ds =
G g A R

DAPHE RS 5 TR M e 3 % o ) TR S
DV R bR, LS
AN B|
|AUB
HAr A N B R IX 35 T b P13 55 DX 3 0 A2 4

10U =

’




514

NFEMS, S5 T 1) T B RO AR 1 ) JC A ML DR 1 T 12 81

AR, A U B R PHE X B 5 T3 AL Hb T [ D8R Jf:
RN, AR bR REAT RO W PR TS B R
BB P RS
4.1 FEXWER

e B T PR 34X LSk . 4l 37 5l
T, BT = G () e e e 5 8k ) R I T AR
B 2 R $e g IS D TG L, 168 G OA R v
PHZI, 2L Ohn i I AR R PR R 22 . IR,
BT = ) i E G A% RS AR M VA TR T N 2% X 5
JT AR 2, T8 AT IE B DT RCXT 55

K2 HECHEDF AR

Fig. 2 Initial alignment stitching performance
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Fig. 10 Stitching results based on LightGlue feature matching and precision stitching results based on image segmentation
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