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Fast focus method for full depth of field in large-span scenes

Wei Haodong' , Yang Baoquan', Wang Zhouyi’ , Zhang Xingguo',Xing Qiang'
(1. School of Mechanical Engineering, Nantong University, Nantong 226019 ,China; 2. Shenzhen Research Institute,
Nanjing University of Aeronautics and Astronautics, Shenzhen 518000, China)

Abstract: Unstructured scenarios play a critical role in specialty industries, where ensuring the health of their internal surfaces is
essential for the safe operation of the device. However, the large depth-of-field variations within these surfaces often lead to insufficient
or mismatched depth-of-field in conventional camera imaging, resulting in out-of-focus blur and poor defect detection. Therefore, this
paper proposes a fast construction method of focused tracking curve based on an extreme value search algorithm, and realizes fast high-
definition imaging. Firstly, the basic construction method of the focused tracking curve was established. Secondly, an extreme value
search algorithm is proposed to simplify the curve construction process. Finally, the construction of single/multi-focus tracking curves
based on A/B calibration plates was designed, and its influence on imaging clarity was analyzed. The results show that, the proposed
algorithm effectively reduces the number of image acquisition times and increases the focusing speed by 34.8% while focusing
accurately. Based on the multi-focus tracking curve, the average value of the objective evaluation index of the image is increased by
10.35%. Clear resolution of 0. 5 mm cracks is achieved under 100~ 1 000 mm depth of field span. Therefore, this method can provide
a solution for high-definition full depth imaging in unstructured scenes with conventional cameras.

Keywords : unstructured scenes; tracking curves; autofocus; full depth of field
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Table 1 Comparison of focusing efficiency and stability
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Table 2 Comparison of focusing accuracy and clarity
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2 129 260 1. 219 885 265 1.218 491 267 1.217 035 260 1.217 845
3 153 246 1.109 131 246 1. 100 135 249 1.095 354 244 1. 108 584
4 178 240 1.085 138 238 1. 085 472 239 1.075 168 240 1. 084 977
5 196 230 1. 088 850 232 1. 086 721 231 1. 086 303 232 1. 084 007
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15 537 180 0. 905 409 184 0. 891 210 183 0. 894 689 180 0. 896 496
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Table 3 Depth splitting and depth-of-field matching results for the selected depth range

LTS [dyy . dyy ]/mm AR SR X ]/ mm (Di/D i) /mm HUREENE ZRENE
i=1 177~221 197 228 236
1 180~450 i=2 221~297 254 214 213
i=3 297~450 358 196 204
i=1 299 ~455 361 196 203
2 300~950
i=2 455~950 616 176 188
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a5k

(a) 180~450 mmAk IR 2 4 SR ER
(a) Single-focus full depth of field image at 180~450 mm

(b) 180~450 mmAb £ R FIRER
(b) Multi-focus full depth of field image at 180~450 mm

(c) 300~950 mmAb R A=A FIRER
(c) Single-focus full depth of field image at 300~950 mm

6 EFIRMIFRCRYS I

(d) 300~950 mmAt % A4 R IEEIL
(d) Multi-focus full depth of field image at 300~950 mm

Fig. 6 Comparison of full depth of field imaging effects

x4 BFMEEITM
Table 4 Objective evaluation of clarity
180~450 300~950
[dyy,dyy ]/ mm
AR LR IR LR
Fioc/10* 36 983 38 486 28 223 31 069
Foup/10° 2 347 2 448 1835 2 085
Flpiace’10* 34 229 36 241 15 614 16 281
Fipziig 7/ 10° 30 047 36 716 25 620 30 354

ARV A SRR A, T A SR A R R o T 4R
TR AP G A I O AR B OF HLRL A S Y 4
TR PG AR 15 R DX ) P B AR A R B 8 35 4
Fh, FEf/ ZRERFIRER T b, 2 R 2SR E
15 1253 T RLAG 43 38 1 P SR PR (E 4 = T 10.35%
SR A S DA B R o s RN, T ) s 114 3R A R B o
2 AT ARIETR BEVE R A 100~ 1 000 mm P R4 375 BBF R 41T
3.4 RUNREHE TRHREEE

B UE A S R R SR AR AR A T VB B A T BB T, 4
AR R 5 R R SN RS AR S8 56, I 32
BN Z I T IREEVE ] 180~700 mm AN/ INRLES K 3t e
JER R 1) R/ 2 B SR USRI B SO iR T A

E VRS CEUNER AU S g R SE AL BRSSP S
ARAFREAARIE W PPN S50, R E PN AR TR B AR 45 44
e PR 22 B £ AR BT N, T AL . R A A FEIR
EH%E’JWZMHW“TE RO 48 86 HLJC ik e SR 25+ 1k

Yyswe N 2R T 58 3605 B N BEAR A T 22 3R A A e TR IR
AL MT S E /N T 0.5 mm AYTU/NZLEL , I HLIEIMG T b
JEEI A 1 06 P UL, AR 7 (a) ~ () BT,

i) 5% F EOG . SMD | Laplace #6 & b6 %50 5 86 B 7] 4
FOT R T R I, A5 R RI], ZRE S FIRENR
B3 AT B A b b ELAT 0 S 4R T, 2 I L A i b
AT T WA BRSBTS R,

®5 BEMEEITEM
Table 5 Objective Evaluation of Clarity

P o b ¢
e 2 T T S~

Fuoo/10' 7578 44606 13328 28814 3507 9243
Fegup/10° 18588 46387 19627 24181 11698 18 830
Frn/10° 9645 51647 8216 12197 4910 9486
Fugmn/10° 6885 40809 12781 27935 3198 8554
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(a) ZERAELFRER
(a) Multi-focus full depth of field

(b) BRAELFIRER
(b) Single-focus full depth of field image

b

(c) HRA 40T %t HL P

(c) Comparison of some details

7 U INBREE B SRR L

Fig.7 Comparison of imaging results of minor defects

LA EMPE 5 B WP, Iri kA e g5/ b
S5t N A BB A I EL AT 2 Y RS RICR: | RS FE E 100 ~
1 000 mm PIESJE T XT 0. 5 mm 4400 B A 43 3%

4 £ i

AR SR X A 25 4 Ak b 5 IR R B S TR AR AL I
SUEETIRE - R AL, 48 TR TR E R
B B R R A i MR ARE SR UR AR L I R
AT R AR E O R HE R A R 2R v
JE L 5 Ay 501 2R 5 R B O vk T ) e o R A
RGBT HAT PR R AR OE R R AR (A R AL
FEIRSLES , 15 [ b v | e vk S e e
RS MU LR SL 56 7 i v AR IR B i £, 1T
M/ Z R MR T 3, oA i O SO0 R IR
B I AR 25 R Ak 3 e b R T T 4 e IR AR AR
SCEG, SCAE AR AT 4 Ak R 0% o i 1 R B Ak
RN HE , BA BN R EET R T 6 M
T H AR 2R AR SO R TR e AR AL E W R, 45
TG R AL R B FLK SRR S B 32 15 T 34. 8% 5 JIr iy 1
) B A R B o £ B % DI Sl v 0 A 0 BOSR BE  B) R 1%
H LR A 5 15 30 Y 4 57 R MG A RV IR B 2 A b g
{2 311 R 1 TR AT ) AR SO s AR T R A
UG , 2 5 £ 4 R R RE % BT 47 1 32 TH IR Y
DAL ) 4 Jad 37 N, L4 O B ) S T R S R A 5 RE Mg G
JETE 100~1 000 mm PN #5EE T X 0. 5 mm 240 I 3
B, AR BEA A SR BAR PR R E W R =
SR EARSE R A S TP Y A TR AR B IN BRI A T

P TN AT B DT 5 HAT Rz (R RS
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