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Image stitching of multi-lens with large visual
field in range instrumentation

YU Xiao-bo, SHENG Lei

(Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In order to get the video image with large visual field in range instrumentation, a system of
auto-stitching multi-lens image with large visual field is established and its applied algorithms, such as
image matching, marking lapped area, seamless stitching and so on, are investigated. The theories of
wavelet transformation and wavelet-packet are presented. An image-matching algorithm based on
wavelet-transformation by matching wavelet parameters of image is analyzed. Then, the comparing
and rotating algorithm to mark the lapped area is analyzed, in which the only lapped area is marked af-
ter sub-lapped areas are matched and rotated. Finally, the image seamless stitching algorithm based
on wavelet-packet transformation is analyzed. After image wavelet-packet transformation, the wavelet
parameters are merged by {requency and then the image is reconstructed using the result. Experimen-
tal results indicate that the system gets an image with 3. 3°X 1, 76° large visual field by stitching four
images with 1. 1°X0. 88° visual field, the stitched image is smooth and seamless ,the speed of the sys-
tem can reach up to 10 frames/s. These results show that proposed stitching method can satisfy the

requirements for range instrumentation in getting image with large visual field.
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Fig. 1 Block diagram of image stitching system
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Fig. 2 Diagram of image stitching
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Fig. 3 Tree diagram of three-layer wavelet analysis
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Fig. 4 Tree diagram of three-layer wavelet-packet analysis

AR SO /)N i A8 48 107 T R AR P42
W AL AR e W] LLF A — 4T 38 U8 0 AR L AR R R
TR [A) 1Y T B L 8 2 PR 4 0 R S 4R A [
RUBE /N 4 8 43 N DR 42 P AL B A R L X R
P42 (%) R AT LAAG S80RE B w] D 300 5 0 R Ok B St R
%,
3.2 EF/METHMERTE

PHEEMR B e E b R Z 6] 1) T & X
B, WWIEEIR G G, PR EHR KN 53 51
Ay X By 1 Ay XByygy (s y)oge (s y) 20 5 W
e A4 b A 7 8 B BEAEL s SR A B 2 8] B &
X B S AR R N (XY D) L (XL LY L T
ARRGAFIY X BELITES, By LK H— i B R &
B XGRS (XY ) JE AR PE B R K /N R a] SR
o — e P Y WG i DX Sl 4 e . T PR DS TR IX
SR T 08— PRI Sy S PR AR 1 DG T X S K B {E
Y07 28/ s R WECE AN
(X, YD | X, €[0,A,1,Y,€[0,B,] Hi/e:

& =A, y, =B, 0y =X, =Y,
2 (g1 (1‘1 ,yl) — & (12 ,yQ))Z
min, .

2 =X) 1y =Y a2y =0,3, =0

(Al _X])(Bl _Yl)

oy
K5 IERE R S A .
X A 2 7 2 S A LT TR Ca)
i 5 I Ak L S8 5 (b)) Jrg 6 e (0 Ak X3 ()
RUE BE) 2 BURL R A BRI AT R i — 2
TR (o) Bl 2 A W T PRI TR JEE
DT PR T 6 [ f /N o B 1A DS BE B



2148 e KE TR 9516 %
B,
X, R FPLALD X E1
A,
B,
XY, E52
A,

K5 R IT AR 2 18
Fig. 5 Diagram of image matching

TS RN AR B S R A A3 R A R AR
S 43 o KR 5 W] LAY o 2 9% Ol TG To sk
PREEHRAE S /N B AL 50 A7 o BRIV RT o2 30588 4 [+ A5 2
FTF — G0 it e o AR A0 3 3 A 4 T 10 11 3 (R
TIE o A58 43 P 4 LA A9 4045 4R AIE | 8 B A AR AT 3
3 T B4 1 AT 400 1 3k BF Y UG A 4 T e i AT 3
ARG i, 4 5 D AR K, U L 42 B G O DG R X
3, WA £ A AT IR A DG X U — A5 0 AT 40
VG, F5e 20 T R B X 3, 3K RO A /N i AR
0 11 4 A 2401 43 S DG E A9 B33 L 4 /N T DG LT L
P T AL BRI AL SR BRI A RE P W] R
SR /N /N S TH IR P R 5 TR TR DT
e 7] A

HARF R

Ca) X G A0/ I A2 460 2 52 s 9 38 85 0
O RSE DA B AR A )2 9% o 45 31 /0N 5 AR A0 R 2 v A
Wy s

(b) XHEA 43 AR A 2O T 550 4 e %
F W X 38 35 5 25 (DL C ), Horp g (oo s ) TR IR
W43 A 5

(o) ks ¥ 75 22 /T T 5 52 130 A A9 40 D i X
Sl A SREAPLIC L DX AN — A AR 30 A D e X3
TGS A A 2 A W E R TR 9 ) v ARy .
F T R O — — A XS AR I SRR A
3.3 hBREERICEERXE

MR HE A 22 G0 00 o R PE 0 1 L3 5% A id 4
T 0 T R o R AR D Y T S DX

6 Jbric & X s A

6 Ca) &/ P i T B 422 190 [R5 BR R Gk
PEEE I DU i QAR B 7 B AN TR P O At &
R A AE AL o 3 AN LA b A 5 e T 45 1 B2k 491

WE 6Cb) Fram , AW i B 5 2 DLEMR 1 B
LN B S A2 , AT SR R R R 1 6 4R
RESE L K D JC RS B R L T DARE 24 5 48 E 5E )

(o) W i B8 P s =2

(a)Diagram of two pictures stitching

(b) PR e Bk 7 =
(b)Diagram of matching track

Aotz
|
- Ip
C

Ce) Tike % G TR 7 5 A

(¢)Diagram of rotated matching

&6 Aric 5 S X s & A
Fig. 6 Diagram of marking the lapped area

KL A 5 sl R Bl IR B AR AE X I,
80N AR e DE T B B 2 58 ik AR 1 G
FEAA L RS2 L A X B A S o ) 5 T D
VE R — A s LA G 6 (o) fif s ABCD i 8
TS X XS 2 0B 03 s 45 e i —
E S BE ORI 2 s D0 o 2R 496 158 2 T B B K L
T T B U B D B d KT e ff D A ABCD
DX 38 AT /0N B DC e o ) B — 25 4 /N B B 24
0 e — ) X

A FR G AR R G L3 KR4 /)N L
DA FH AT i1 4R A0 B LU 5 5 A8 52 B ) et 36 B B 3k
B MR RIS i T UL 8 3h S R R S 305
S HE B B 15 2 L 2R L 3K ol A SR A ol A A H
LG A BE AR F /N Ry T 3k B B UG e
2 R4 FEHRE L BT DL X R R R D JC S P E A
PeRcry =, BARELIE .

(a) EUGAEHEBAL 5



11

T BB 45 R AP 2 B Sk L R P 5 ) B 2149

(b) ZAIKEN A F, KRB 2 (D

(o) /NBEVCRETH R Tr 22 (G R LA S /D
WEVETE #2455 b A8 BEL - R T U 4% Cad o /N T 00
AR AR R T 2% 10 AR UK IC FiE DX Il A7 L % 5]
(a);

(d) HR4E A5 21 i 400 5 X, 8 4% U5 T M EL
B, B VEIC BE S5 R 0t S ME — 1 B & DX SO B
VRN~
3.4 INEBTEGHE

22 58 S W Sk 6 32 56 R 2 ) LAl IR 3R ) 5%
M) 7 5 DX Y AR 2 A A 02 S TR T OF 2 TR MK
JEAE Y 40 22 00 » 2= S B0 T I 1) PR 245 L
SRt i1 157 B0 A7 AL B 45 S OB X A
WHESCHL G . O T 4 2057 ¥ 1 PF 4 PG AR S fee
RN AL B DR S

ZIN A AR D42 BRI /N 28 46 0155 1
WAL 53 BT B 1 DF 4k AR S0 T B TR A
/N B $5 G il SRy AR TR B35 B /NI A 43 ik T
5 53 50 B AN T RLBE 14 /)N 18l ik i i 4 ok
DFHE IS /)N e A 43 T AL AN TR 58 IR 58 PF
FeAbF .

IESC/NBE I R A XN N -

wh, (D) = D h(k—2Da), ' (k)

whi (D = D gk — 20wl (k) .
k
I AXFR N

Ne, (D=2 D h (i —2R) Nty (B) + 2> g (i — 2D}y () .
k k

Pri A B PR R /N B g (A =K
whoap (D) =C b A (D)1 —CL Dl A (D)
Hp CLohE AR e [0.1], AT LI 4 4k A &
o R I/ g S, AT DR 48 B A [R5 RE
T BE GE 35O 38 18 XX Tl 7 PHEBOR ARG

B2 p A FR R B A 2R G R 1T B L7

AN TR PR A N T

Ca) R R HEAT /NI B 43 il A5 30 3 AR 43T /)
P Z BN ik 3o A8 TE /N I 722 46 (145 DG TE I 358
25

(b) R4k A B 6 AN [) 400 3R /0 B 2 5Kl
s

QON IS/ EE 3 AW R i /AW E K50
K1z

4 MERBHLER

A PR R G AT R AL A
LG A5 T 37 0 e S P TR R B R EOR R L R
Fi v 4k B3R Y D00

AR 75 P 1R 28 5 [ e o Ak 2

K7 o5k KR .

HANE RV INGERE

B 7 aekER

Fig. 7 Image of sub-camera
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