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Abstract: In order to meet the demand for the production and application of large-scale image stitching using unmanned aerial vehicle (UAV)

imagers, we proposed an improved seam line stitching algorithm based on gradient and criterion images. We incorporated gradient differences

into the difference images to reconstruct difference criterion images, and further improved the difference images. Taking UAV images as

experimental data, we validated and analyzed the seam line extraction and stitching results. The results show that the proposed method can

effectively avoid crossing buildings, solve the problems of geometric misalignment and image overlap, and has some practical value for

application in engineering projects.

Key words: UAV image, image stitching, gradient difference, dynamic programming

PGB s — dH A 2 8] A7 A B0 1 /)
B MR Y SN G 1 A SR ICEE IR, e Bt
PG — PSR, AT RLLGE . S
L RO FSUR AT M A E . 2t
(14 Pl {50 P-4 U 455 ] 45 P o R 1] 4 5 A 2
PR o PRMBRPC AR I 1A 15 B XU R AR X, 3
AR R B Z B B RS, FRR A ITRC
PGB B[R — A bR R F o IR, AR BHERIRES
DXl ) 5% 2% AL L4 FBUPPT W i 0 0 7 A 2R =22 1] R e o
PUE S T Z W B S E", 5 (PR B AE
B DX B H bR 7l P SR TR D (8 (5 P
FORBEGSIE DA I 220K . BRI RSP IR 5F
MELARCHER P B, MU DR S S T Pk
FREIIEREN T2 o S EPHEd h B8 X
) — RGN ARBR KOEIRTN, — 2R UF DR 2 H L

R SO 2E 5 uAS Bl HARSE I N DR AR R
ARl [ AR IR G P ad e vh 5 Hde HEDF
ML CABIRARIBEIT, W7 bt 5152 2
TSR B A R AR BHELR SO, R RERE
PRI T2 I8 T RR B a2, BRI &
SR BOIFAE, S Y BLBHE A P IAR JE i PEAN 1 252
MBS ; Tang YWEESRH T — Mk T S0 AR50 1 fe
PHEAALZ L, Hih TR R eh 2T H
SAYR T R, FEER R R R, S35
Lz N SR EVTE s Gao J™WARHR I T —Fh
B DR AR Tk, MR ALV D g P 1R
ISR I ANRIIREE, FHHaofs IS P4
Wy, r ik AR BRI AR S H AR, (HARXT T3
SHINET RS ZRE R . A0 Bik e, ASCEE
Bl T TR S s DM 22 (EL R AR A I BE AN JEE 2 S5



.50 - w32 % 19 45 &

%022 K% 5

SASE T — A8 9 TR R e (R BR AR Y A RE A BR
e, QA NBMRNFETHRT 17 A SR
B, ATRUHGT 3 AR s Y RE R R R — SR iR
FEPHZ, PRI PRHEZREE5 P IR A T HE AT 1 IR
RV RSB ONR H BG D i . SEBeRk W], SRITAR SO
TEAR B B e HEPHEZ ] USRS b S 5% K rh AR
UEZ/ U

1 SUHAREESHEX

1.1 dpfEgE YRR
ARBURAELE AL H B2 R AT BEHL I A F PRE ]
B A i 22 A R DHEIRIE . 7 BB T — Rk
TG LTRHIE A SO R SE S LR 2], R
E(.X',y) :E‘dif(x’y)2 +Egeometry('x’y) ( 1 )
Egeometry(x’y) :Diff(ll(x’y)’ IZ(x’y)) (2)
K, Eg(x,9) v E peomeny (%5 7) 7351 0 BB X I 2
@REFRUUMESR: L(x.y) . L(x.y) WFREHE
KI5 Diff Sy i PR R AE x Ty J5 [ B Z 221
Fe .
K Sobel 5 S GARE, Bl
-1 0 1 -1 -2 -1
sz{—z 0 2}, Sy:{o 0 0} (3)
-1 0 1 I 2 1
X, S, S, 5300 Sobel ST T BT T AR .

1.2 fReRrpR BT
KR (1) 152009 RE & pRELE 0] BB A7 75 I 7S
Bl A5 BB, 1R B MR8 &L AT ARG
w2 EE/ NI E N, 5 SEIHEES XA
Pl PragEsl ERe, NI X RE R B T ke . P
PHEEG E B XIS 22 50— Ml 2502 5ok Rk,
ZET AR I BEARLIN S e 7 AF N 57 B 25 Sk, K
R, RUESXWILM ., Bz k; kK2,
W/ 8 PR e R AR S X, R
GRS KPR EIKEE.
A (x.3) =] /(. 9) =fx. )] (4)
K, fi(x.y) o flx.y) FPIRFFDHE BURE S X
e B R SUREEE; A (x.y) AIKEEEZEE.
ORI RE, AT DAAR AT Hb s A [ B 1)
B DX, HAEERG 0 RS AR U RRTIE . 7R KB 22
RS, S AR RN ESEN, S
R G ERAR VT RE S 2R T, NI A LT A 22
MR SE 8. Rk, AR SCRH—ME TR

Ak, HREAy:
g(x,y):\/[f(x,y)—f(x-i—1,y)]z+[f(x,y)—f(x,y+1)]2
(5)

(6)

ety )

f(x.y)=f(x+1.p)

Kb, g(x,y) MEREMBEME; f(x.y) NHEHRE

i fx+l.y) o f(x.p+1) 2500 BRs& R B4 M

BRI TMNRE; o(x.y) MEZREEEE 7 .

R 2 R AR -

e ):{‘gl(x,y)+g2(x,y)’ Hol(x,y)—oz(x,y)H>25°

|g(x.2) ~go(x2)| [[oi(x.v) - ox(x.0)[| <25

(7)
Krh, Ag(x.y) HRFPHEAR H S XS [F]—f B4R
R E2Z R g(x.y) . g(x.») Ml o(x,y) .
0,(x,y) 73 5 R PR MR A B 422 54 o 28 X S rp []— o
18R A BIRR FEARLANBREE 5 1]
UK i 2 5 IR I 22 S A e KABLA B (AR 1Y
JKEE(E, B
AD(x,y)=max(Af(x.y). Ag(x.y)) (8)
K, AD(x,y) WEMEFAG TG R AR EEE.
SAGKME R WO B AR, TSR M i il 2 —
W AR R BIMEEE(E o B0 B 22 R A 2 (4,
A B Tk Al ] @A A
1.3 JEFUEW AR 0 2 & BRI S8 15 2R R30Ik
TNHUEBIHER, HeFeTkaEas,
WrE S G A TIHE . AR5 ah SRR S S Fr T AU
AR AT (Kl 1a), HEEMN T4 TAHSRI 35
HRERE— N AT A, ERITRRR 1y s AR
Fil; GRS G800 (8] 1h) TARYE ik Re
HERREL, KHERTEE NN —ATAHABI 34 T —
TITA S X PIRMY FAES LT nN L LK 1e, &
g O X EUE L T FARERTY), B 2L R
KPS RNE IO I e GRS G4, 7T
DIEH, SO AR AR A 2 REAR b kT 12 sh ) 14
A o LA IR
1) WAL AR MO P,
RAF KANZAEFAR CE) A I8 E (955 14TR9(E
SR M 147,
2) WEE2ATIFIR, ¥ AT E S BT A A
MM T IO, B R EE L (9) Zhnis .

o(x,y)= arctan[



#0202 K% 5

PREEHF, MALERJFFIRANEZRES % - 51 -

S E(i-1.1) k<)
s(i—=1,j,k)=40 k=j (9)
Do EG=1.1) k>j
b, s(i=1,7.k) W i— LATER k ~ j B Z ) 4 4
& E TR RE (B2 A
AR R B pR A, 12O AT — A R B
SR RETEAE SR IR — I A AR R
5 i— VTSRS R T/ L, TERARHERE P i (i, /)
DL B RAF I /MBS RL B ko, I S/ IME S 2 i A5
(i.7) MR RBEHE E(i, ) AR, DT 5B H i 48
Zengnt(E, RN
M(i.j)=E(i.j)+  min

hhzﬁfwwxﬁlﬁ—1,k)+s0—1hﬁk»
(10)
K, E@.)) kI EMEFAR () & W6 E
M(i—1.k) R M HFE(i—1, k) AR RERAE.
3) HEEALEAT AL E RS XN &G
—17, WPATHEEL); [z, RIEEEE2),
4) wEERERER/NSE G L R AL, &
FARBARATOIE, AR S /N AE A SR T
(AR T N BR AR P b UM R

oo o
\\/

) TR
‘o |
a BRI b i e PRI I
1 AMAEREERFE

2 SERSISIES O

2.1 KAHUBAR S RBLIES 5 b

AR SO B B 58 S B B S R [ TR R
BLHEA X TE AWUEARYE I L0 5 . AR RN R
79525 x5 3041 K (K2). MIEAWE G TR
EsE ALk, SRIRERREIE; PRl shas
B RPN ALR (E3), aLIEH, ASChk
B HE A LM ) B FRAE Aab it AR
AEEARTHY AR g, HARBUNSESLBH
B S 1) B D DR S o Ay O b B Ty 1 1 2
F, ARSCEREUT I 3 R Ay KA TR F A, 4
RULE 4, FTLAE 1, ST shas Bl m i i 5 4k
Bk gt THS TS, AN LR B X )
SERE AR RF I AR A SO IR U A4
YN LRIV S U & SO TN, L% St L]
e HEE

B2 ZAHE%

b ATk
B3 mEZGLXEREE

a WE—SMRE b SRSk

l
1

o R THSMRE A s Ak

e VR TAAMANE R A%
B4 BEESZERBHMABRLE

2.2 KAHUBARPHES T 50 Bt

FIGPHER B G — D R IR DHE RS E & T K
{RRALRE, RIPHEERMEES . WA T
NHLE UG DR , U A AR, A3y
SIFIF 2 kAN R JE AMLER HEA T e P 5256 4
Br, I SLMAIACT R T E s[RI BS EECR 0L
PN R BHE IS BRI R AR AR . AN
FIFRMGE R (IE) . IKEETT 2T (SMD2) . fghtih i
(EG )FIEET RS RIS (EVA) 4R IE N
Febm i S O P U DR



- 52 . b, 32 2 9 42 A,

%022 5% 54

MEVETEM T RE (F5), RIACEEE,
PG EH SRR KRR, AREEGRCR
BhF, (AR ) S R e MBS (K] Sa. 5b);
FRASONE ARG UG T EAFARCR , FTAR0H
PrOMESE, IEAARKRERE bk TR0, R15 T
WA, WERTFITTIEE (K1), A307
B IE . SMD2,  EG FIEVA $5 bR & FIACE ¥
2, IWIMER] T A SO ERBOR 4, SEIRi R,
ARSI e b3 NI AMLE RS RRDHE, HE
BEET BRI B AT

#1 BB IHEE R E IR
AR itk IE SMD2 EG EVA
Ys—  RCEE: 67925 103699 469137 70250 3

Yist— ARICTT: 7.0109 10.8720 49.0881 72.4980
WSt RCEEYE 61199 6.0678  27.5087  50.798 2
Yist— ARICTT: 69638 8.0340 30.0028 54.7257

o Gt TIMBCF L
E5 ®EHHEESHURBABLE

d st

3 & iF

G R T I A 5 2 S S T I AN REAR 7
W BSAR PRI AR, Hi g S e d 5y
SEHuTE HARMS, S A LR . ARSCRSE BRI IK
FEFIBRRE 22 S A, MRS A BORN 22 (e Bt
Fr 7ok, RERSARAT L S W AR B LA A R 22501
RN RAEEGR, NMERESLRTTERNY, W
DIMNUEAGPHER IR ZE . SLIEREW], ATk
R A4 5 2 BE T A kT B AR LATRAE Y B
B BREBERIKIE, EEPHEECR EAFa AR
JEGE

ST RS T RIFIIRCR,, (Bl TIANL
EBREA R PR S BRRRR, RRPHET
FEBE KA, A SCBAT 73 A LB IC AL I A

(O BfHe B FIARCR XA e 5 BRI — 7 1l
TIEN, AR5 R TR XE IR A 7 B R AR 1]
BT T ODFFE Ot , B R R R A E 4 7 52 56
XFHE, XIS R B — RS T 1

2E

[11  E3#,483. AT GA-SIFT F ik 69 L ABLALLE B A% 5% BF BF
FE[J]. M 2538 4R, 2021(8):28-32

[2]  Szeliski R. Image Alignment and Stitching: A Tutorial[J].
Foundations and Trends in Computer Graphics and Vision,
2006,2(1):1-104

[3] A, BB ATA, 5. 44 SIFT 4R AL 5 Feif AR a0 LA
Wik AR AT, ML BIR,2021(1):94-98

[4]  FMeA], A, 54,5 LT GPU M RANE B
B[], HB2E 145 8:,2017,15(2):9-11

[5] REH,ZF0, KA KSR ETBEIEFR[]. &
TR FRIR(A BAFF),2023,59(2):239-246

[6] Chang C H, Sato H Y, Chuang Y Y. Shape-preserving
Half-projective Warps for Image Stitching [C]//Proceed-
ings of the IEEE Conference on Computer Vision and Pat-
tern Recognition,2014:3 254-3 261

[71  OuyangN,ZhaiZL,ShouZY. Image Stitching of Multi-band
Blending Based on Graph Cut[J]. Microelectronics and Com-
puter,2013,30(7):107-110

[8] #&EZ, X EL, bR, AT RASYAZAY Pik B
RBR[I]. Ho 222 [E145 8. ,2016,14(4):39-41

[91 Qiu Z H, Shi P,Jiang X H. Image Stitching and Ghost Elimi-
nation Based on Shape-preserving Half-projective Warps[C].
IEEE International Conference on Information and Auto-
matio,2015:2 610-2 615

[10] Sun P,Han Q. Improved Optimal Stitching Line Applied to
Image Stitching[J]. Computer Engineering and Applica-
tions,2016,52(21):218-221

[11] Xue J,Chen S,Zhao M. A New Optimal Seam Method for
Seamless Image Stitching[C]. International Conference on
Digital Image Processing,2017:104 201

(12] 7% 5, & &5, 55T, BRI Bt S, # SEhua B
&35 B 5R,2003,15(11):1 362-1 365

[13] Tang Y, Jiang H. Highly Efficient Image Stitching Based
on Energy Map[C]. IEEE 2nd International Congress on
Image and Signal Processing,2009:1-5

[14] GaoJ,LiY,Brown M S. Seam-driven Image Stitching[C].
The Eurographics Association,2013:45-48

[15] # R 5. BB AFL[D]. Auhl: Hriz K 5,2005

[16] FRFHIT, 7 £, %) &k, —Fb I T Bt 3h LR 69 A2 5F
&Mk k(). AR R 5 B E, 2018, 35(10):
211-216



