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Abstract In optoelectronic imaging systems, the use of multi-camera/multi-aperture computational imaging technology
is increasingly recognized as an essential method for achieving wide-field and high-resolution image reconstruction. This
technology seeks to overcome the spatial bandwidth product limitations inherent in single imaging systems. However,
multi-aperture image synthesis typically involves complex processes such as feature point extraction, descriptor matching,
and alignment between sub-eye images, which substantially increases the computational complexity and poses challenges
for real-time performance. This is particularly problematic in scenes with moving objects, where the reconstructed images
often suffer from ghosting phenomena such as artifacts and misalignment, thereby degrading the imaging quality. To

address these issues, this paper introduces a dynamic panoramic image synthesis technology using a multi-aperture
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compound eye camera array. The technology leverages compute unified device architecture (CUDA) to enhance and

accelerate the registration algorithm based on speeded up robust features (SURF). Furthermore, it incorporates a frame
difference method to minimize redundant information in the multi-frame registration process, enhancing the registration
accuracy of the synthesized image by 15.91% and reducing the registration time by 91.23%. Additionally, the visual
background extraction (VIBE) algorithm is integrated into the energy function of the seam line, with established update
criteria for the seam line, facilitating the synthesis of panoramic images from multi-frame motion images without
misalignment and artifacts. A 5X 5 multi-aperture compound eye camera array imaging system was developed to achieve a
horizontal 90° field of view synthesis. Compared with traditional stitching algorithms, this approach demonstrates
improvements of 1. 96 and 1. 85 on the reference-free image space quality evaluation index (BRISQUE) and the perception-
based image quality evaluation index (PIQE), respectively. Moreover, the system can complete the stitching,
reconstruction, and synthesis of 25 sub images at interactive frame rate of 13 frame/s, reducing the reconstruction time by

99. 7% compared to non-CUDA accelerated stitching algorithms.
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(b) flowchart of keyframe registration based on central processing unit and graphic processing unit
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(c) flowchart of seam fusion algorithm based on visual background extractor
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Fig. 1 Overall flowchart of panoramic image synthesis algorithm. (a) Multi-frame images and fusion results; (b) flowchart of keyframe

registration based on central processing unit and graphic processing unit; (¢) flowchart of seam fusion algorithm based on visual

background extractor
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(a) step 1: image registration algorithm
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(b) step 2: seam line search algorithm
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Fig. 2 Seam fusion method. (a) Image registration algorithm; (b) seam line search algorithm; (c) seam stitching algorithm based on

visual background extractor; (d) seam weight fusion algorithm based on block gain exposure compensation; (e) stitch result

without ghosting

62 A E o 2, 5).
Bl E )

Ecolm<1,y>: Il<x,y) —

Egeory\elr)r(xvy>: Al >< AZ:

L(z.y)

Dm[L(x,y),Iz(x,yﬂo
(5)

M VIBE 8 ik 8 37 15 5 B 22 0 = 1, m] LA
PAFz s HAr g e b4k . A 72 Bz 3 H AR 1R = S
A bRy Py, A7 BB B H B AR R R AR AR EE O P
W 2, 18 B A R A B Ry 32 3 B b i I 25 R
E itterencer (I, y > E ditterencez < X, y) nJ %‘:2/?\‘ ﬂ‘]

L (x,y)EP,
Ediﬂerencﬂ(‘r’y){o (x y)QP
’ ’ !

L (zy)ep.
E(lif[erenf‘fZ(I’y)_{O <l‘ y>%P
, , 2

B AR I E e (2, ) %

(6)

W kA, iz

254 22 51 E (22 y)

A
Ettence (23 3) = Esincer (2, 3) + Etiennees (0, 3) o (7)

2) WU 2 2 Y 14 2R o D)

X F G WL 5 A8 4 5 A7 AE L AR B RS OK
EEXE TR anhsg, b TRAKS
HA R R SIS FR RS B, R U S —
AT TF U 3 Iy A8 2 pR AR A 05 L IR 4 L AR o bR 25 A 1R
S 42 4 S AR F 0 I W, T 22 0 T 4 A AR T T

T H0) T - ) AR 2R R AT i g SR 3K R 3 B T AR 4k
IR — @ BRI R L, e B R LR R
S A FRAVE ], AR SCHR T — ekt Y BE B ok B0 IR
TN

OWEZ X E 17— MR R AENE —
L WD OV A 27 5 = K5 g a5 T
{8 A R H2 5 26 1 ) In e 1 pR E(E

Q5 S HAT B9 B AR R S ) RE R EUE L gt
/DB e PREUE T TE R R S e bs . FHR T —1

1611016-5



B R IE X
R A RBOCY TS R AT — 17 IE T R 5 A
FIE N A e 48 3= s e 1A, T A R /N e i
MR Z AL, RO 4 4 26 9 e Jr 1), 0 T 4 B2 2 (Y RE 1k bR
BE AT — A48 2 500 A8 o pR AU, TR M A R
RN — R A, AR ES XN RE 17, 511
LIESELR B RE B pR B E 0

O W IR A L T ATIR R SRR & R B AE, DL d /D
EAR R SO RS LT HETY B, R
MEBR R JARAE T8 — 47 I 2 G R A E—
ATIE L5 JIE b5 ZE AN GE &5 A ey b iR AT e 2k
P, BB R SR L 1 DT A R L SR iR SR L g
HERBERE, i=1,,m. mERFTFEEFYEM
FLEE L AR

@TERIGFUTE AR R R SR8 L )5, it
A SR G RE B pR B, /) RE B pR B I #4820
HAEIEEELL . AR AR B R AL E . YR IE

Ebm:min(Ean,El, E)o (8)

3) 5% 2 1) T KT )

XF 22 Wt sl 2 AR P ok i, O AR 4 — ot (8145 AT
WERKEMZY Bir, XEE3) BirtA — 2 S99
AL NI LI AT E — IR E A, AU
I 22 Wt Eh 2 DX I 0 AR 3R 22 S AN 48 48 i 3)
H PR B Bt 1 0T A 42 4% 2 1 v )

T(I,y)Z/e](I]*IZ)Jrszd,ffere,]N(I,y), (9)
R T (o y ) FR B R T, L 40 B R B 22
PR A P Y 28 DX S A A5 3R R 5 Ay e 3 7R AL PR
B, M 1z 3 B AR 09 8RR B E Ay Ao UL 43T o

4) B AR Bl A ik

{7 BRLIIAS il 2 B SR TRT B 0 (H R R ) 7 A A
B0 RSB RS HE R . A SO T R R IR AR 45 G AL
flA ks XA 54T T ek A AU

Ty~ ITn Xn = T

, Wo=1—W,=
X — Xy X — X,

(a) overall structure of compound eye system

(b) adjustment flowchart of camera position

(c) flowchart of multi-threaded image transmission
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Fig. 3 Multi-aperture compound eye camera array system. (a) Overall structure of system; (b) adjustment flowchart of camera position;

(c) flowchart of multi-threaded image transmission
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Table 1

Registration performance comparison

Registration rate /%

Running time /s

Resolution /(pixel X pixel) —
Traditional method

Proposed method

Traditional method Proposed method
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(a) results of different fusion methods

our fusion
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Fig. 4 Comparison of fusion results.

(a) Results of different fusion methods; (b) static target; (c) low-speed bus; (d) high-speed car;

(e) error map
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Table 2 Evaluation of splicing effect and running time

Method BRISQUE CEIQ ENIQA NIQE PIQE Running time/s
Simple weighted fusion 31.63 2.96 0.41 2.79 41.16 0.13
Laplace fusion 51.46 2.95 0.49 4.2 62.73 1.64
Traditional seam fusion with color difference 29.51 2.99 0.41 2.72 38.72 0.16
Traditional seam fusion with structural difference 31.5 2.98 0.42 2.8 40. 64 0.16
Our fusion 27.55 2.97 0.39 2.69 36.87 0.05
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Fig. 5 Comparison of seam line updating. (a) Multi-frame stitching results; (b) schematic of seam line based on visual background

extractor; (¢) updated seam line results; (d) seam line fusion results; (e) updated seam line fusion results
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Fig. 6 Results of multi-frame stitching. (a) Multi motion target areas; (b) high speed moving target areas; (al)-(a3) three consecutive

frames of multiple moving target images; (b1)-(b3) three consecutive frames of high-speed moving target images; (c1)-(c3) three

consecutive frames of partial enlarged image of multiple moving objects
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