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Abstract: Aiming at the problems of low matching accuracy and poor real-time performance of existing image stitching
algorithms in complex scenes, this paper proposes an image stitching algorithm based on improved ORB and
MLESAC. In traditional image stitching approaches, feature detection exhibits insufficient robustness, and descriptors
lack discriminative power under conditions of abrupt illumination changes, viewpoint variations or complex background
interference. This deficiency readily induces mismatching errors, ultimately leading to stitching misalignments or
ghosting artifacts. Thus, in the preprocessing stage of this paper, the input image is transformed into CIE Lab color
space to decompose brightness and color channels, and an adaptive image pyramid is constructed by integrating
information entropy with illumination statistics. In the feature detection and description stage, a lighting-adaptive FAST
corner threshold adjustment mechanism is designed. Subsequently. local geometric constraints are introduced to filter
corner points, and the BRIEF descriptor is extended to the L, a and b channels of the CIE Lab color space, thereby
fusing local gradient direction information. In the feature matching stage, bidirectional Hamming distance matching is
employed to establish a local-global constraint optimization framework for minimizing reprojection error. Subsequently,
a more efficient MLLESAC algorithm is employed to remove incorrect matches. Finally, a weighted average method is
adopted to smooth the stitching area, achieving a seamless stitching effect. Experimental results demonstrate that the
proposed algorithm can guarantee real-time performance and high-precision panoramic stitching quality when processing
image stitching tasks in complex scenes. Specifically, on the APAP Dataset. the algorithm achieved a matching
accuracy of 97.63%.

Keywords: image stitching;feature point extraction;feature point matching;image fusion;adaptive pyramid

0 3| SUkrP R EEE SN, e FEY K S EE R R
G (GIS) BB (VR) S5 I 52 (AR) | B 22 1% LA K&
FEE B E AR B B R R B BRPHEE AREN 2 TANUNAEY, EUEPHEM HiR RS B A — 1S X i

il

Wi H 3% :2025-07-13
* FEATH L R A RBFFE A (62373132) JTILA HARBHE I 4 (F2025201023) 7 5P 7 HE 3 120 45 2L Rl R 53 990 H (241791367 A) LT b k2 4
75 H AR FHITAUH A A BT H (QNTD202411) (b K 2 £ 24 B 32 UBF 52 3151 H (DXK202409) % B

+ 219 -



949 B 2 F o

T # K

B VEMG 51) To 8 Ml ) — R ) AR Y 4 IR 4R 405 T n 5=
BISERR, AT — HAw, BR DR 5 R 2
AR, BTG ERTALH  ER A S R AL G A i
R bty A A ) R v PR o 2 T F 4 11 ik
BENEROPY L N - N i 1 e N R N SR D B o
S ) B bR RS L DAE F5F B e BT A

2B HTy Ik EAR B E R 5 2 KARTT LAY BT LS.
TSR A T L R T PR AR KR A R o L BE T RRALE 0
o T AR I o 1) A0 A TR R I L 9 1 5 A
B IR 4 AT LK (B 5 M a TR] sk (19 28 A1) T o 3] 431 3, (A3 %6
PG s S P i AR 6 22 J5 R AR PR e 06 4 45 ) I o
Ja 28 T B PR . ey TR A A e T R S R 2
23 [) 3l 1) 405 15 5 o 3 BO7E 7 P roxd LA 4 3 o B ARRAE L 5
We TOC MRS BE . ELZOT Rk B A AR BE AR i L R 0 2 T A B
15 0 PR BRI S L T B )RR AT 5 S )
AR BET UG RE I FC ok i 5 2 % 0 B A R R
1045 2 88 B8 s 8L AT IR % 5 3 i 5 300 8 of TR 4% . i
J5 ¥ B S B AR R AR X T BR, {EL H X e R O BRAR AL B A4
St LA TR 70 S 5 e R 3R A IR A T A 5 A
A ME B R R . TR AR TR o O vk A0 AR 4R
B AE 22 g R vh 3L [ A 1 BB % X 43 FC T 1 RP 1R A5, 48
Ji R P B e 1 DG G AR AT 50X T 530 R 7 7 40 i B L A T A
ST o PR, X i R vk AN R 5 R B 0k i
X R P JE AR O S A R AR v S B R 1 S
R, RE A ¥ 5 A2 iy JUAT A8 48, TRl L e 5 ik HAb 3
A BRI S TS S A R Y B — MRR TS RCE A
Ll TP ARy i AR L AR S A B X R e R
YA J3E R B ) R AT L IS AR DR T 4 47 B

Lowe™"" # H R & R 45 ¥ fiF 48 #t ( scale-invariant
feature transform, SIFT) Sk % Bk L 1 T 2 RUE4F
AIF B 2 BB 38 2k 6T PR AT oo SUT RO R 25 3 A 3L, AR AR R BE
AR BVREAE B, IR TH B A5 A RRAE A0 T ) 45 2., MU T S5 3R
e AR . SIFT 830k AR AR 2 HA v VA M S5 A8 e 1
SR I TH5 52 = B85 e o FE 58 0 A IR i A 2R 4% B S
N R A, Bay 57 $2 i AR fE@ RF AE (speeded-up
robust features, SURF) 8 i , i B 1k & XF SIFT A9 — Fh ikt
BE, B TE SR SRR AE 52 B 3R B & B . SURF SR &R
TR AR AR B S L 455 BT IR HOR 4 ] Hessian 46 B
PRIBURRAE A5, BIRAL T #4538 F 09 2 B (RAR SR AP AE B AT I ]
R BB S Alcantarilla 2805 32 U m i KAZE FR1E
(accelerated-KAZE features, AKAZE) B 15, iZ B K Tk
2Pk ROJE 23 B B g, il o P B B 2P L (fast explicit
diffusion. FED) J5 % ¥ KUK =5[] . RE 5 16 {8 45 45 1iF &
P A [5] I 5 35 5 T 1 B3 A3 EL 7 A AW o 40 ) A 4 U
F P37 I R AR R X0 RS R HLA R A 13 R A A
BE# . Rublee 574t 52 1] B 5 AF AG U 5 e 5 — F
il 5 1 2 37 B A KEAE (oriented FAST and rotated BRIEF,

* 220 -

ORB) Rk i 5 — P B e A R ik R U7 36 A
X B PR B EURRAE 5 SR BB A SR B AR A, A
TSRO R A B B R AEET . 5 SIFT Ml SURF
AL, ORB A 3 T S i b BRAE F70 , 5K 1 76 5 4F 14 &
2 U i o ERO

BEXS UG PR AE S Je 3 50 T DEBOKS BE A B 5 S P 52
FRAYE L, 75 BaR Bk iy B Al b, 32 0 7 — Fh B T i
ORB 5 iz K AR Aili 7 R A — B (maximum  likelihood
estimator sample consensus, MLESAC) fA) 5 ¥, % %7E
PG T Ab B B # % A SN RGB 8% 25 W) #5 4 & CIE
Lab 7 8] , 5% B 52 BE 5 66 % 38 30 i A » B AR O B 298 78 X AR A
PRI T, R B 51 AfE B Ee 5O RG i i A
T AR 4 5 S AR UE R AE £ BT 8 1 [ B, o 4 o 4 ik
SRR FRAEAS I 5 Rl R B B, IO IR B & N FAST )
SUBE AL 51 A SR ER LA 2y TR R R A R R
BRIEF iR 59" % Loa b 3l 3 , @l 5 J %686 B 7 1 15
B (R A A LA TR A R AR M 5 R AF DG L B BE, SR F X Tp DT
B ML) 25 6 DURA BE 8 X RpAIE s B0 25 0 08, A R 8 45 4
JRFASE B A RARACHELE , i/ MEE B 1R 22 . AR5 R
AL H) MLESAC 55 3 AU 15 58 19 BE HL 3 A — otk
(random sample consensus, RANSAC) 5. #E 47 55 4F 5 Y
HE VC I 12 59 050 od de AR AR A T Ok b B A SR B AN AL
BTN RS A SR B 3 DG TE R B S AR, T LU
B 18 530 I 15 D TR » 603 75 T I o ) oK DG TG o B T 08 7
B A M L R PR R A O TR A B B R SR
1 e 19 7 I e Ab B 2R 7 5T B RUR DFEAT 55 v T L
PRUE S P 5 1 BE 10 4 SRR B A

1 BEgHEEE

1.1 B ORB &%

T R TAL B Y B BOGHE R 9 ORB ST 7506 i A
% M\ RGB (%25 [6] 4. = CIE Lab 25 8], 43 5528 5 00 %
I, R A5G SIS 506 G B, M A iE N
R4 BTN . RRAE RTINS AR B B MR O B B A
JE 2 FAST a5 46 I (5 {8, ) FH J=) 35 JLART 2 307 32 £ 2
¥ BRIEF #8559 R3] L.ab =18 . Bl A JR ks & 5
e B, RRAE U e B B L 5638 g 0 1) DE i 5 0 B B S A
5 U 4 DG X, SR )5 B R 3 5 A R AH 45 B 1 2 SR AR AE
20 LR B TSR VG A R, e /ME IR IR 25

MG PHE AL BB B 4 48 RGB (R 25 0] 5 52 6 R 28
LS S BUR R R R R e . A UL, Bk 5 B B 0 RGB
PR 45308 5k 2% 1 AR 0 M e 3 = CIE XYZ =5 0], #4408 3
mr.
X 0.412 453 0.357 580 0.180 4237 [R
{Y] = {O. 212 671 0.715 160 0.072 169 G}
Z 0.019 334 0.119 193 0.950 227 B

D



B 7 F. A Tk ORB 5 MLESAC 89 BAL 342 5%

55 1

HA, R.G.B AW A ARGNL . . 1 EEG R
. BUETEE R [0,255], X .Y . Z RiE# 50 CIE XYZ 25
[A] AL A5

.y ARUWF

Y
YTX Ytz @
.z
X HYH+Z

Ho, &y 2 FRoRBUEAE R B P E, Bk «+
yv+z =1, REEE—E AR, 8T E B AR
ekt . 45 8] CIE Lab 25 [ 1) 3 404 L.ab, A3
mr.

L = 116f(y) —16
{a = 5000 f(x)— f(y)] (3)
b= 200[f(y) — f(x)]
Horb, £ oy B RS
{%, ¢ > 0.008 856
f@ =14y 16
903.3 116" i

LR AR R, L@ EARFRERW S, o W
(-2l 5o BE(EE-HERBEERFE, LU
TRESCERM BRSO HEBEETHEALE
FEAE

PG 4 7 B M H a8 b 4 37 R G ORB 30K 1 [/ 2
BLE RS SRS i s SR & F R
5% A7, B, Tl Lok ER A X 8L
MERE. ARXRH

4

:72p110g2p1 5

H

H, p, BIRES i HEGXE P HIAHSE, N
T KBS SR, BUERME H MR RO R R X R A 8L
BB A 2y, R, X CIE Lab 25 (8] L 38 38 6918 £ 8 9E 47
Gt M R s L SRR o, A
KWF .

o 1 M N
L = mE ELJ'* (6)
T Jﬁzz (L, —L)>* <)

Hip, MXN BEMERSE, Ly, i Ll p A FR G ak)
AR E R . PSR R LIt IR 1508 A i 10 s 2 3 L 5
PR o, M B A A Y B R B W A A RS A
HIPEAR ER B E IR Stk . ARG L 4R 6 8GR H FC RS
B Lo, MRS EIH BN .

MNFE&EFHEE 0.

4, H<<H,, and 6, <o,
5, (H,, <H <H,,, and Ol <o < OL i )
- (H<H,, and 0, =0, ).

6. H>=H,, and o, >0Lm’d

(8
X FHEHA T s
0.8, H<H,, and o, <0,‘[

(((((

0.7, (H,, <<H<H,,, and oL, <o < DN
n = (H << H,, and o, 20‘,‘1” N

id

9

SIS 0, o, HESERLRRERE BIE . T XI5
JCIBIY SRR AR G . AR R AL, A SOR R B O IR S
X (H << H,, and o, << oL, 2R 4 EETFES 0.8
Al i i R SR TR b T ad W SRR, R 5 B4
FIER 0.7 A S SO E s ERAB S R (H >
H,,and 6, =0, ). KM 6 J2ETFHEM 0. 6 54 H T,
PR AN ATRAAE A SE R SR B, B N R & I8 MR, 7
A RO BCR SRR B B A R B S B aR T ER F
FER AR M 5 A SE

FEOE R I 5 H53 B B, 1 4 FAST £A DN 7 O iR 58
et Gy e e R R R A L o R B R R O R S
TSI SRR FAST fR M EE T, BRAKXNT .

T:T0x<1+k><%) (10)

o, T, HEER BT, =15) , & EREIRE R (k=
0.8), Yo, HEKCEMEAM, T H 33, 4 %%t
b BE XS £ £ 05 2 o (EE/N OB DR, T A 3%
B B0 4 59 0 R X3 ) G T 2R, S A4 A K E 5 R 7
Tl EER FAST A A6 D045 51 i % B & 5 00/ 1, A
WAL T RE MR AE O . SRT L MR LUAR S L Y
55 AR LA 2 SRR Y THIA A A5 AR IR 3R B EE Ty )
— 3k

1
C=—2,. 0 —01<0,

Hob, 0, N S BRRETT 1], 0, JARIRAR B HE T 1), n
RAR AR R, WL LR R LT AL R C > 0.6
B AR A5 S BRI G 7 5 S IH X PR A . R AR SRR
3r(r=>5 pixeD) SBIHA , R FH & 17 430 A BEBL R BE 256 XR ER
B(paq) s HIRRFE S B S AR S X, 8 Lab =
i 3 O 2

an

e 221 o



T # K

949 B 2 F o
o) 7{1,L(p)>L(q) (12
bl = 0, HAh
1, a(p) >alqg)
(psq), :{ (13)
A T
1 b(p) = b(g)
Sphq), = {O, ol (14)

FEHE BT 1) 0, XTI AT AT HE RS H— 1k, A i 256 X3
4R L-a-b-Gradient 3R 45 [ &t . 0B Az B0 #4538 45, 7]
If B A OGN ARPECL D AR X 1 Ca b BB 5T
] —BvkE OB BE A0 L BRASAE M 20 ) e R I e Y s h
BT X RS,

FEAE DT BC B BE 5 58 ORB 553 78 1% M B AU 3t 5 g 7
W 2 VT We , 5 52 00 £ A8 4 Ol BB 578 45 IR 3K B ), B X B
RGENEBERE ., Nk, Sk G 0 5k 4 X e b
- LA - A7 9 = R ICECHE SR , 5l i 2 R R AR
DL SR THUCBC A B 5 S B . 1 2, SR T BLIA) DR AC 3R 91 4R
BAEGE R VC I X UR B R H R 5 B b B RCRRAE
WA AW o, RN T R W
T tamming visiance CT Hamming Disiance = 64) BIPEEEXT Cpovg,) s LW
iR e ik R RN W

dy = (Desc,,Desc,) = Z(Desc'j @ Descs) (15)
k=1

H, Desc, 1 Desc, A5 fiE 53 By Bt 14 42 0 far (-
HERIAR R D 0 = 256 FIGRFKE, R)F X 1k
DT e X #0472 1) DG L B E g, 76 R G v i B i 4B R 5
Dos AR BB — SO VT BT, e B SR S T BBl T
B VCEC AT S BRI E TR, Wi 5 2L LM 2931 5 2 R ik
A AL TN T S A .

b B uR)SUE 30 SRSE Al e e eI T DR UN T )
FEILT R I LA — B A B, X TR n) i 28 S 4 DT L

Xt (piag;)s THEFH 3 X 3 AR PIE E BIBE Ty ) — Bk
Cous = iEa(\ 0t —0 |<x/8) (16)
m - ! ’

Hob, 0, Ty p, B e MERBBELT . m =8N
SRR R YA 2 <n/8 B, BRI X KR B

] — B AR C,0 = 0. 6 BYPEECRT . AR5 . 1153 T E X 48
BT A2 LE -

| o, —p>— (g, —q) |,

Ry = Tp—a, . Te

Hor, p, R p, AR Z M RO AR, e = 110 ° ikt
GuArBE RN . M R, = 0.3 B M i DT R O
PV . SRR AR A0 A A5 750 5 B DG 2 ) 5 £ SR
FA /N~ Ttk HAR M) A R A B T, L LT A 4
VCHE XF Ay A ST MR E R

an

ming, 2 g, —=(T, « p) |1 2 (18)
i=1
H, T,  3X3BOE B, (p,.q) N i XIT

e 222 o

Tt 5 B S AR bR s N SR VETE T g, FI IR0 B 4E B T, 3
BT VR R R R 2E B M T., = 2 pixel ,{£ 8
WE<T,, MNEES, . BTHLES, THCRBAHIE
MET,., BRI IREZFEFHNLAE HEEREIREY
fH<<1.5 pixel, FIBIE5 A ER 4 T, & F B T2
A A 42 R AR S ) (E L 7B )2 1) T A% 3 S0, B IR
J2 T o PR SRR AE A0k DG RS B B A SRR 4y 3R R 0
5~10 WL B R R R IR 22 08K .
1.2 ERRI4%5E FERT KR

R PEREFE H oy — 3 X 3 BAE B IR R IR T
PN EUR T Z [ B A . & o RFEEBRTHE, o
2 E b G A B LA AR PR DA TR R

¢ =H,,o (19

TEFFRARART B e =[x.y.1]" Fa =[z".y",
117, AT LS A

-

x hy hy hy x
y' = o1 Ny hy v (20)
L1 hsy hy  hg 1

Xt F X UCEL 55 Csre wdst)

x
y 2D
1

JEFFE T AR .
JI/ =hnx +hpy+h;
<y =hpx thapy+hy
1=hgx +hyy +hy
Xt FE—XF 5 Greadst) VTR RIHEAFR, BRiHE
n XF VG, R — A 20 X9 MO IE AL X FREXE A (2 s
) Ml (") LR T .
B f vy 1 0 0 0 —xex’ —yez’ 1‘]

’
y | &~ H,,,

(22

0000 2 y 1 —x+y —yey —y

(23)

ol ot A B A R (SVD) 7 X AR B A HEAT
O3 -

A =USV" 24

FA PR B H o B R A SR /N AT SR (BRI Y R AT ] 2
(B V i —30) K L I 3 X3 MY 4HE 4

H,, = reshape(V[—1],(3,3)) (25)

R H ., F6 B BE054 U5 G R o5 I 31 B 5 KR
by DA S 3 VB B 3 A A A o R T IRIHRTE B B 4 L AT
—E
1.3 MLESAC 431 #5 [T &

5 RANSAC 836 (E i N S B E R B BB 1,
20T PR SRR LA R 22 N AR R S R I R 2 ()
Bz RAR . BEAh, BT RANSAC 8k % Bl ML 3
FEIF AT Z B S SR SR R R = T b AR
T B R LA R R B &30 BT, AT 3 B S Ak R



B 7 F. A Tk ORB 5 MLESAC 89 BAL 342 5%

GRE

BRSO, P, B D B M SR (1 MLESAC 573k A0 %
RANSAC 83, MLESAC 838 i 55 KA SR A 119 Jr =X
fe 2l 25 b i > B R A O PN R S AR AL AR (B
RATALG BEAS $L0 T AE BE AT R 3 3 5 B AR £F 6 5 5
A o TR I B0 3 43 14 ) T BCHE A AR AR B B
TAAS B BT A 3, A MLESAC 8036 46 508 451
G OE: NIk RN R AR OB AW s
{1 J5 B A o DA 42 FE T SR AR . SR A MLESAC 553k
Wy EAR AR
DEEHIHR.,
2) BRI EE A PETE s % k45 4 %X Rz g, Il
T 4 AL 45 199 e TG B 7 T R
DT FTA VE R A LR 1A .
DX T EEAVCEL A Gl 45 IR A0S B AR R 2
149 R G B B e 0005 28 L 3 1 25 /N T80 1 B A, D 4% DC i
SR N R I TR LA
5) AR AT T 0 ARUSR (B R N B, T R R
TR A 0 B M R R BID AY ARLAR (E LG 2 AR T
BN REEEL N E R AR,
6) 420 BRI B fi a6 U 4, e 4 BE B B RN A
o R A B T A S IR ALE a5 1R G I 1 S BR
1.4 BEgHE
T A 22 W AR AE A6 B0 5 BE ROXT LY B 45 T
B 22 5 76 58 MR DR S L 8 A U MR S A A W) b 1) BF
IR IE , R PHESE R WA B AR E S, 52 M A 5 W
ROR . R 2R FIASCF- 25 1 J7 125 2k 5 B0 22 1 T 45 =22 1) 1Y
il U DATH BR AR 1 W] B 3 AL SR TH PR RICR 1Y B SR
RS B, A R T
I (x,y),(x,y) €I, ]
I(x,y) =<a],(x.y) ta,[,(x.y) . (x.y) €T, NI, »
I,(x.y).(x,y) €I,
(26)

A I AL, DR ER . T 9k R MR . T, (x5 )
T, ,y) NPHIREMRTE (2,y) WG EE, o, Fla, A
ﬂu*ﬂ§ﬁ7ﬂ_al+a2 =1,

2 XREREHH

SZEGFE Python3. 11. 7 A1 OpenCV4. 10. 0 F 5 i 3817
BN Windows10 #e/E R 48, 1 B HLECE R 40 4. 50 GH2
B AMD Ryzen 7 7700X 8-Core ZbF &S, NFF 9 16 GB, 52
BB R 9 Tz 9 APAP Dataset, N & 15 2
BOEEEEY BN T AR RS, ARIER AW
B kIS 8938 v 5 SIFT 4 RANSAC 4%k . SURF+
RANSAC & ¥ . ORB+ RANSAC % . ORB+ PROSAC
BE LK AKAZE+LMedS 835 617 % 3250, AFAE 55
PR IBCHSF (] AR AE o DE T B [ | RF AIE i DG AT 1E B 2% B WA 5
T T RS % WL 0T £ DT 5 5 TR HEAT IR 5 40T

1 Ca) Fil (b)) S e oh 5 41 75 BF 452 B % Apartment 5
Construction Site, B 1 Ca) H 4 & I B4 R ~F g K/ R
3 264 pixel X 2 448 pixel, & 1(b) rfr 45 17 P8 G R ~F B F
A 2 000 pixel X1 329 pixel,

2.1 HFESREUEEXTEE L1

S A A VR AR R AE 1 - 359 4 R ) X R AE
R IOGH BE AT B AT, AR 1 AT A, 7R AR SR I
KB, ORB B kA 48 15 e i 108 Bk R st J5 B ik iz
BAHCRIUK T ORB, 5 H A ERAFAEIR BB IR L, 22
BHEERAL B HFMNSE HIEN AR SIFT HEW
31.95%, SURF % ¥ iy 43.61%., A & AKAZE #& %
1 88.14 %,

2.2 HFME S IR IE A 2R 0 IE A XY b SRR

K HVCEC IE 62 P ... B DT E A 5] % 450 92 B¢ DG 150 RS
BE RN BE AT E B4 AT, E 2 &2 W SIFT + RANSAC &
1 .SURF + RANSAC 5% . ORB+ RANSAC % . ORB+
PROSAC &% . AKAZE+ LMedS %3 VA K& g gt 5 09 8 ik

" n=

(a) 5P B & Apartment
(a) Image Apartment to be stitched

« 223 -



949 B 2 F o

’.
@‘

L

(b.) Ry Pt B & Constru

ction Site

(b) Image Construction Site to be stitched

K1
Fig. 1

*x1
Table 1

EHEARDNSHGFHERGH EHRRN
The average time consumed by each algorithm for

extracting each set of images to be stitched

‘ SEEFEN /ms
Fig.a Fig.b Fig.c Fig.d Fig.e Fig.f

SIFT 50.45 52.21 48.73 69.24 54.76 53.95
SURF  37.72 41.78 30.67 48.35 43.82 38.96
ORB 6.57 6. 83 5.68 9.21 7.62  7.35
AKAZE 17.74 17.76 17.61 22.10 22.86 21.32
Proposed 16.43 17.08 14.21 20.13 19.05 18.37
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Proposed 97.22 96.21 98.07 98.48 99.14 96.68
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e, A3 RN 4 P 288 BRIEF #8504k k4 T 5
SIFT 7% 3 il & 76 FRAE 48 b i 25 15, W s F) )= &8 5 4
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PROSAC BT P 53900 91, 28%6 5 93. 30240, B
HEMERESWEME, FY PG & T 6.35%5
4.33% ., WA MLESAC B M tb T RANSAC B Y
PROSAC 5.1, BEME7E LRI N o5 50 & 1 [R] B, B8ORS 6 b 531
KRR VT EL . H MLESAC 535 52t ORB 4% 4E /9 3 7] 1
TR E WAL SRR T MLESAC 78 72 5t
AN S B LR A L. SURF+RANSAC
Bk AKAZE+ LMedS 8L R P 575158 95.67%
5 95.25% , Ul 5 B S E M B BRI

2% 3 2 SIFT+RANSAC % 1%, SURF+RANSAC
# ¥, ORB + RANSAC % ¥ . ORB + PROSAC % .
AKAZE+LMedS 83k DL K s it Ja BB R X 6 4115 PR
G AT RFAE UT B S5 5 75 51 49 45 41 ERR5AF DT B A SRR B
B3R 3 AT, B JE R O 2 U O R Dy 2. 86 s, 38 07
BHALIK T ORBHRANSAC B0 2. 78 s, AH T ILED
ER# 5 Z MK SIFT+ RANSAC 2319 3. 60 s, 1554
BB FT 20.56% . SURF + RANSAC # ¥, ORB +
PROSAC &5 AKAZE+ LMedS 35 ¥ 1Y - 5 5 DL g i)
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Table 3 The total matching time of each group of
images to be stitched under each algorithm
. T —

Fig.a Fig. b Fig.c Fig.d Fig.e Fig.f
SIFT+RANSAC 4.48 3.34 3.17 3.73 3.58 3.29
SURF+RANSAC 3.89 2.72 2.54 3.36 3.20 2.91
ORB+RANSAC 3.64 2.38 2.21 3.05 2.84 2.57
ORB+PROSAC 3.82 2.64 2.43 3.38 3.05 2.79
AKAZE+1LMedS 3.85 2.69 2.47 3.34 3.28 2.83
Proposed 3.68 2.50 2.39 3.11 2.95 2.54

GARI~-3HLEMMEE CEE L LM HE
529 G BRI A 85 R RN T B A A R L AR 28 R 0 LR
B, O S BB VE A L T A 5 AR I T R R
e 5T BRI RS B kG B Y XU (Bt , 7 DR TIE PF 32
S AP ) ) B R T B HEAE B
2.3 BHEMRRNEVAIEITLE

AW G PR S8 P, X I T ORB+RANSAC 5 3k
S S AL LR BHESCR ERI, B 2 N R Pf
BEMG Apartment [ 8FE 22T IR E 2(b) I EPHER
% Construction Site HY8FEE4 555 H EL I8 3(a) . (b) 4 51
& Apartment 5 Construction Site 4075 £4 85 [X 388 Jmy 355 ik
KX LB 4Ca) . (b) 43 515 Apartment 5 Construction
Site 194 4% X I R 8 RO XS L8], 1] 5 2 Construction Site
V14 R 52 DX IR R B RN L T

ORB+RANSAC

(a) Apartment K1 Hf 824> 53t Ha &

(a) Panoramic comparison of Apartment stitching
ORB+RANSAC

(b) Construction Site fKIf# 4 5itxf Lt B

(b) Panoramic comparison of Construction Site stitching
2 PR s BT IR

Fig. 2 Stitching panoramic comparison image
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ORB+RANSAC Proposed ORB+RANSAC Proposed

PSNR:26.3 PSNR:33.5
SSIM:0.81 SSIM:0.94

(a) Apartment ) 415 08 B X 3% b

(a) Comparison chart of detail preservation areas in Apartment

ORB+RANSAC Proposed

- PN R

PSNR:25.1 PSNR:32.7
SSIM:0.72 SSIM:0.89

(b) Construction SiteffJ 405 £~ B X 3% L &

(b) Comparison chart of detail preservation areas in Construction Site

P 3 i A B DX IRy A R L ]

Fig. 3 Enlarged comparison image of the detail-preserved area

ORB+RANSAC Proposed
PSNR:24.8 PSNR:33.2
SSIM:0.65 SSIM:0.93

(a) Apartment ) EE 4% X 38 LE I

(a) Comparison chart of seam areas in Apartment

ORB+RANSAC Proposed
PSNR:24.5 PSNR:33.6
SSIM:0.69 SSIM:0.94

(b) Construction Site K] 824% X i %} L.

(b) Comparison chart of seam areas in Construction Site

Pl 4 4 DXIUR) BRI L

Fig. 4 Enlarged comparison image of the seam area

W 2Ca) L (b) By B 328 4 5L XF EL B BT /R , 40 €6 SE 2R AE A
JE B Xk, ORB4- RANSAC $32%: 1 BF 432 B 5 b 17 4 B &5
BYARST A B4, B 3Ca) | (b) Al 4015 44 B8 X el Jm 38 ik ok
P featt — 25 % L, 7T DL B I A B T A DX B Y AR AR YT
BE T R, B T R E AT S ARG K
SEE AR . B0 LA AR ] B9 X 38 . ORB+RANSAC &
KPR ST A 2% A B Mg, R 4 . (D)W
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PSNR:23.7
SSIM:0.72

PSNR:31.4
SSIM:0.88

5 HR XKHUR AR R X L A

Fig.5 Enlarged comparison image of the ghosting area

1 2 DX 338 JRy 308 5 R I Al — 25 %6 L, AT DL 0 S B R R AE
YR X A U R ERIC, MR G E iR, &E
SUERAERRIC 1Y X B, ORB+ RANSAC 513k i1 P 422 B 14
TEAEM A TR B A . & 5 i T 5% X380 R0 350 il K & A ok
— 25 %5 b AT UL B S B SR TR O X Y B 4 0 A AL 3R AR
2, B T Y 5 55 ST 3 s R R A T LU TE 55 i 1Y
TR I 8 0 200 € — B
2.4 GiEESHNEVREIFMNITLL

A BRI S B0 A T LU Y 320 R BR 1, £ APAP
Dataset [ 6 241 85372 T , & 0 og it JG 5 ik 5 Hofh A% 5 58
PR A R W T XS % B AR T & WA 3 (no-
reference image quality evaluator, NIQE) 5§ & % E| {4 25
[6] 5% = ¥F 4 #% (blind/referenceless image spatial quality
evaluator, BRISQUE) [ Bf #2 el {5 & W Jot 0 P4 SE 56 . &5
R 4.5 ProR . @ WS % 5 RHE AR (NIQE JUE
4 0~10, BRISQUE HUE N 0~ 100, ¥ & 34 J A (H AR 5
BB BT A IR AR A Y SR R P e e T i
FAMIBOR b0 B 22 5, O B ROR X L 42 14 % WL 4 4
S

x4 BEEEARZ=E THHEE®S NIQE #4531t
Table 4 Comparison of NIQE indexes of mosaic images in
different scenes
NIQE

Fig.a Fig.b Fig.c Fig.d Fig.e Fig. f
SIFT+RANSAC 3.72 3.89 3.62 3.95 3.81 4.02
SURF+RANSAC 4.08 4.25 3.97 4.32 4.15 4.39
ORB+RANSAC 4.61 4.80 4.48 4.87 4.73 4.95
ORB+PROSAC 4.27 4.43 4.19 4.50 4.36 4.58

3

2

Bk

AKAZE+LMedS 4.01 4.16 .93 4.22 4.08 4.29
Proposed 2.85 3.02 2.75 3.10 2.93 3.18

B 4.5 AT FEAR A3 e itk R 3594 19 NIQE 5
BRISQUE {A ¥y & 3 {8 T H A xd b8k, Hod, 4 b4k
fef 21 ORB+RANSAC 53k, NIQE fH %% 1.5~1. 9,
BRISQUE {H F%{% 15. 1~16. 6; ORB+PROSAC % ¥ F{l;
167 RAEZ 5L 15 R A F ORB+ RANSAC 5735 SIFT
+RANSAC B H 128 2 ifi il 45 B 56 M M, P I0UH8 b 3=
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Table 5 Comparison of BRISQUE indexes of mosaic

images in different scenes

BRISQUE

ik
" Fig.a Fig.b Fig.c Fig.d Fig.e Fig. {

SIFT+RANSAC 34.5 36.2 33.4 37.3 35.7 38.6
SURF-+RANSAC 38.1 39.8 36.8 40.5 39.2 41.9
ORB+RANSAC 42.8 45.3 41.5 46.1 44.7 47.2
ORB+PROSAC 39.7 42.1 38.9 42.8 41.3 43.7
AKAZE+1LMedS 37.4 39.0 36.2 39.7 38.5 40.8

Proposed 27.2 29.5 26.4 29.9 28.1 30.7
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