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Multi-resolution MCS auto focus method in range-gated imaging

system for underwater
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Abstract: A real-time, accuracy and robustness multi-resolution mountain climb servo (MCS) auto focus
method was proposed in order to solve real-time auto focus problem, and was obtained high clear high
quality image because low clear low light images was difficult to realize auto focus in range-gated
imaging system for underwater. The merits of this method were outstanding as follows. It reduced the
amount of processing data and time by taking advantage of the image multi-resolution theory by spatial
sampling of the current image and then formed different resolution sampling layers, which made the
system possible to deal with auto focus more quickly as 1/2 time as traditional method. Thereby, the
method calculated current frame weighted average edge detection image definition, which was determined
by the correlation between current frame and two adjacent frames with 0.5, 0.3 and 0.2 coefficients
before solving the error judge of interference maximum local peak. At last, the method realized the last

operation auto focus by MCS. The repeated experimental verification of range-gated imaging system for
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underwater shows that the algorithms is capable of guaranteeing the auto focus speed and accuracy and

improving the real-time, accuracy and robustness in focus determination.
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Fig.1 Range-gated imaging system theory
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Fig.3 1/2 variable step MCS schematic diagram
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Fig.5 Focus curves of different edge detection operators
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Tab.1 Comparison of time consumption with

different edge detection operators(Unit:ms)

Average time Standard Deviation

Roberts 78.0 0
Sobel 242.6 7.7
Prewitt 241.9 7.9
Lap4 102.3 7.4
Lap8 183.7 10.0
Lap8 Wiﬂ.l .different 1873 9.7
coefficients
Log25 261.8 9.83
Log25 with different 416 12.9

coefficients
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Fig.6 Computer vision calibration board focus result of experiment
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Fig.7 Fishing nets focus result of experiment

3.1 i) 48 K 14 i B R AL ER

H T MCP M OE s LB A S SR NET
Yo, BRI B (A8 Ak AN S BRI 3 0] 4 531 B3 |
FERIE T B, e 0 04 A A B8 7™ E 5 A L
RARGE AL, A FH T B AH S DL 24 iR AH 4
RUPILL 0.5,0.3 #1 0.2 AR ECR i, xRl —3 55
PEAT A RS TR A R M B 1 £ 5 UAH O
TIASLS3 WA b 2 %o b T 60 . R S A R i 2R A R
B EAE PN 3 B | I ELAE 04 (B sl | R B
F 2 R AR WM, IRl 8 i

—— Experiment time 1 —— Experiment time 2 —s— Experiment time 3
—+ Experiment time 4 =~ Experiment time 5

—

:4 *I3 :2 *Il 0 1 2
Defocusing amount
(a) JEUIG PRI500 M B2 U — AL (B

(a) Original image definition normalized values

Normalized
evaluation function
eceopeoeoo~
0o ooo
NP OD KD

T

=7 =6 =3

—— Experiment time 6 —— Experiment time 7 -e— Experiment time 8
—+«— Experiment time 9 -s— Experiment time 10

o 1.02

2 1.00F
S 8 0.98f
NE
=T 0.96
E.S 0.94f
2 9 0.92f

g 0.90f

08— =52 3 2 -1 0 1 2

Defocusing amount
(b) MIUAR S ANASL 7 1 B 5 — L ()
(b) Frame correlation weighted definition normalized values
8 WA SN A5 T IR 5 W B2 A — fl{E LE
Fig.8 Definition normalized values comparison of original image

and frame correlation

32 ZHPRIEME
R Z PRI A s REE SR,
[ — &7 st AT Hsh R, ERELEKE 20K, 2
srEER eI A B REEFEN D B E, Ik 2
7, LTI A5 12 RE B e AR G S
xR 2 AR B 3h R £ B FE A 8 EL B (B L : ms)
Tab.2 Comparison of time consumption with

different algorithms(Unit:ms)

Traditional algorithm Improved algorithm

Average time 4875.3 2592.6

Standard deviation 197.7 168.3
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Tab.3 Comparison of right result with different

algorithms

Traditional algorithm Improved algorithm

Average time 20 20%

Standard deviation 21% 98.75%
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