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In order to realize the image stabilization and provide theory basis for the damping device design of camera
platform, the impact of los jitter on image quality is analyzed. The reason how the los jitter produces and the

characteristics of los jitter are analyzed. Based on the analysis, a new algorithm of the analysis of vibration blurred

1

images based on the image gray-scale is proposed. The simulation results of blurred image caused by los jitter are

obtained according to the simulation model. A set of vibration imaging device is built to verify the simulation results,
Key words
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and the device can get a blurred image by loading a vibration. Using mean square error (MSE) to measure image
OCIS codes

100.2000; 120.7280; 100.2960; 110.3000

quality, the results show that in the range of permitted errors, the results of the impact of los jitter on image quality
image processing; image blurring; image gray; mean square error; los jitter

between simulation and experiment remain the same, which indicates the correctness of the simulation analysis. In
practical applications, this method can effectively simulate the impact of los jitter on image quality
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Fig. 2 Schematic diagram of the imaging system

2.2 EBRKREITE

PR 2R I DX v Sy D s ST B AR AR BR R L
3R, MBS HILZ FAFTEE IRIE N A,
KRy MR @ B IESZ AR 8 s, ML &

ik, HbRiz o, W B bR b B — 9 4 3 #8 T DL
RN

y = x, + Asin(2r ft +¢), (3)
b T = 1/f HIESZRS AW o0 3 BAp ER— 5

0409001-2



il

Rl B 3l 368 B AR T 5 0 B9 F 5T

15 v il B s A0 g . i (3) 3al LLG 32
EH— R AR R R R IR ]

Yy /pm

ol H br

| Al

Faa
)

pixel sinusoidal vibration

time ¢ /s

B3 EIRS
Fig. 3 Sinusoidal vibration

T AR B AR RN O T BT RO
i [E1 N S I v S = A A B i R L1 2 4
i S HE Y O vE R AR R O R E R B AR BT A
STEBRAMG Z A5 B B (] L2 3k b 5 vk 1 AR
WK CAESLPRIT A R R T RESCBL. O TR ARk 5
XTIz B B AR 1Y 17 1 5 2Rk A a7 b 1 Jr 2 i
FTALEE, B % H AR B AR 2y B, SRICK B2 A0 1 H
b b A R A B OGS 8] 9 45 BE A B AR 3R B B ]
R A AR R RO EO6R .

FHBLBLAR 50 2 o 22 A S 1 18O SR oT HE S I
B AR A4 B R X R . Rh o B 1024 R ], Jk
G TE I HBE R TR R Crozironn o T8 BB 138 43 B
K H AR Ab 4> R 1024 pixel X 1024 pixel, it h
FEE Diosicions s QNI S B, BB HLFE C AR 45 R
(ko) AR ZE A D LA KR Ry Coyr) 1 H b5 A7 7E
H——XR KR,

Bl 4 1% ZHEH (1024 pixel X 1024 pixel)
Fig. 4 Pixel array (1024 pixel X 1024 pixel)

A AL B G I 18] g 2. 77 7E AL A 3 Sl L Bl
FRF 1% A ) R 1 30 4 4R B0 A 40 4 A TR 20 7 R 1 2
BT <t WL BB E] A R AR AR B e A E 5% 4R
o H AR B AR X 5 B O W — 4% Z 18] 1 fe K2 A% s 2
T > ¢, WL BRG] N A B AR 4R 3h o (& 50 IE 52 Ik
) H AR A X082 2 — A BEALAZ 2, A28 1 R/
PR T A0) 4 W D' IR (1] 24 B Sl I (] 23 A 7E 1 52 4R 8l

D(1,1) D(1,2) D(1,1023) | D(1,1024)

DR | DE2) D(2,1023) D(2,1024)

D(1023,1) | D(1023,2) | --- | D(1023,1023) | D(1023,1024)

D(1024,1) | D(1024,2) | --- | D(1024,1023) | D(1024,1024)

K5 HFrEk (1024 pixel X 1024 pixel)
Fig. 5 Target block array (1024 pixel X 1024 pixel)

57 P I R B AR S (82 8% e K e
E*TB’J*HXTYZ?TLJ‘R?%&TE% Ab 132 3l H AR K
N EZPuRibEE g/
FI b e L I o AL R 4 21 Y i i P45 0 B2 A8
W 275N Prosaocrons » B (LD ZCRTHT 7 AR BIL A HEE D' 1
RS SOEEE VS & SO YNATISE 22739
M, (k,r) = P(k,sr)/t.s

1< k< 1024,1 < r < 1024. 1)
MG E XN A B AR h
M, (ko = PR b
t. b—a
1< k< 1024,1 < r < 1024. 5)

xo € [0, ADTHF B 20 G530 N B2 s e HARTESS
m MG EAE B BT . Gm) , W BE SR AD (1432 3)
HERTESS m MR A5 5 B[R]y

t(m) = Zz (m). (6)

Hiriz ghid # s %El@ D FAFR R (ko) B9 H
FRAEMR IR ad BB R A5 B RIS 8] ¢ (am)
Hep 1 <<hr<CI1024,k <<m < kb +i—1,

e HARRAR R 09 R oy YU B — /N TR
WKW B MER BT W’E’JHTIEUIE*HI_JE’J PRI
HiRE D FARARA (Rar) B HFRTEMRIR 25 1 B> 18
E R RN NN RN

tCkym) = tm—k+1),
1< Ah<L1024, b <m<k+i—1. P)
Hr (1 A7) n] 7 A0 5 24 3 5 | 7B AR P15 8
JEEAE R

P (k,r) =

kti—1l &

E Z M (],r) X tlkym),

m=k j
1< <<1024,1 < k<1024 +i—1,1 << r< 1024,

(8)
A M, (ko) M (kor) FKoRZEFERE P (ko) 3

N R BRI

0409001-3



# ot

2.3 MR

TR R R A 1E A R RO BE Y
Y7718 25 (MSE AL M) X AR B AT A
H Mse R N

M

N
MsE:]ﬁ\IZZ (Q(.‘ij;.])Z’ 9

i=1 j=1

A @, T8 — R I IR BERE R TT . Q1 o — i
VA5 4 I BE AR OG- ML N Sk BB Y AR R

MSE K, 6 WAk} 20 s B ) 15 Ok O
(L PN iR T AR R USRS S IDE S G K
[ (4 5 BE ¥4 7 1R 22 5 L MSE-Sim , 5256 25 S il Ji
f PR 2 1) 1) 5 34 T 18 22 € L MSE-Exp,

3 (hiE4S
ST bR A A T B 2 R 0 K S
{RA0 05 2L ST T HR S 55 4 A LG
i AL B0 O LA e A BLIG B %
BF 1R,
*1 MILEH
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Fig. 6 Original images. (a) L=2000 mm;
(b) L=1500 mm
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Fig. 7 Simulation results. (a) f=10 Hz; (b) f=20 Hz; (¢) f=30 Hz; (d) f=40 Hz; (e) f=50 Hz
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Fig. 8 Relationship between mean square error and frequency
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Fig. 11 Simulation results. (a) t. =400 ps; (b) t.=1600 us; (¢) t.=2700 ps; (d) t.=3800 ps;
(e) t.=5000 s (f) t.=6000 s
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Fig. 14 (a) Device of vibration imaging experiment and (b) schematic diagram of vibration imaging experiment
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Fig. 15 Experimental results. (a) f=10 Hz, A=3 mm; (b) f=20 Hz, A=3 mm
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Table 2 Relationship between mean square error and frequency

f /Hz A /mm o/ () t./ps L /mm MSE-Exp
10 3 0 3800 2000 7.29
20 3 0 3800 2000 10. 93
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Fig. 16 Experimental results. (a) f=20 Hz, A=1 mm; (b) f=20 Hz, A=2 mm; (¢) f=20 Hz, A=3 mm
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Table 3 Relationship between mean square error and amplitude

f/Hz A /mm o /() t./ps L /mm MSE-Exp
20 1 0 3800 2000 5.37
20 2 0 3800 2000 7.31
20 3 0 3800 2000 10. 93
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Fig. 17 Experimental results. (a) f=50 Hz, t.=400 ps; (b) f=50 Hz, t.=3800 pus
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Table 4 Realtionship between mean square error and exposure period

f /Hz A /mm o/ t./ps L /mm MSE-Exp
50 3 0 400 1500 7.32
50 3 0 3800 1500 57.87
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