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Aerial camera image focusing method based on

out-of-phase differential filtering effect

Kang Qi'?, Zheng Lina'", Wang Haijiang'?

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Aiming at the problem of aerial camera focal plane detection, an aerial camera focal plane detection
method based on out-of-phase difference filter was proposed. Firstly, the principle of automatic focus detection by
spatial filtering effect was introduced. Secondly, the out-of-phase differential detection algorithm was used to
design out-of-phase differential filters in order to eliminate the fundamental frequency components in the spatially
filtered signal, increased the signal-to-noise ratio and amplitude, and improved the focus accuracy. The frequency
spectrum of the out-of-phase differential filter’s output signal was analyzed. Finally, guide rail speed between
5-53.2 mm/s according to the typical speed-to-height ratio was set to perform 25 image plane inspections, and the
focusing effects of traditional image focusing operators was compared with differential filtering methods. The
results show that the differential filter focusing method has strong scene adaptability and high sensitivity, and the
maximum error of the focusing system is 45.18 um, which is less than the allowable error of the optical system of
76.8 um and meets the engineering requirements.
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Fig.1 Ideal optical imaging system

20200432-2



s Gk A2

% 84

www.irla.cn

PRUARFER AT 04 07 A AT RO, 4 15 B AL AR T )
37 BRI N, SR BICRE A~ AN, PR FB0R8 hs >54
TP g AL T ) 37 R R, R IO B R AR BOR, [
(GBSO AT L Sk ) 50 S 3 AT 8 A S T >4
(TR A M 7 TR VA= RSB sy AT E VA RIBRI TR 2
RISy 22 8 4k, oo FL ALK 5015 i 2 PEAR R T Y oL
BEASER T A Sk A AR, SRR A

e b, e BT, 5 5 A AT I B

5 /INT BT DL R B A AT R4S M AR, XA~ R R AR
T BT LG ) e BT RO SRy R R

2A = 4)F” )
K AR AW ASOCI K F=D ARG

FA PEREREATFRERSE, Y —KEET
VESE BT, A5 T 5 AR AR S T 9 07 /TR AR IR
R SLTAE I A AR R . TR oK
1.2 ZHREBRIENEF

PRSI BT 32 DT ¢ R B (6 £ R 850 2 T 0 A
EOR 5 JREAE B 0 pRER, TRIGURG FE 1 (9 DG B S TR
—Fh A PR R, FEAE ARG A ek BN BA R
JUAFRE R (D) RN, PR R A5 s U, 53
SRS £E 5 (2) J0 M, A A BRI AR (E X 1N A L
(3) PR, 7 R A VI R 9 R A i A LU — 0
(4) REE S, BB PG 5 R, 65) 2Bk %
R, I FE AL ARG £E pR BSR4 X i 0 I B R T R
AR BYSTR I E DT BRI KR — 8 43 Ay R SR AL S8 K2
IS S 1 AT B DA RR A T HE R, Soh
FH 25 1 B isf 38R 28 P B F Roberts 1 Sobel 2 122 43
23 [ DE A I R FERIORAE L3

(1) Roberts . F

m-1 n=1

G=) ) (f+ L y+ D=fe i+

y=1 x=1

F(x+1, )= f(x, y+ D) 3)

Roberts 5.1 2 X R 189 X F1 4% 2 K B (B A2
T SO 3k B 22 ) 46 X (B SR il Robert i1 25 4 HU.
T 2x2 WA T G 1T BLE B, A5 % F
PG rp e 7 R 54 A9 B2 R, TR G Robert 31 2% 44 U
FIEAVE R AR E 2 R A sh K 2 PEA
PR

(2) Sobel H.F

M N
6=35"3 (121+]s)
i

4)

2 g Mg, 53 BN PR h Ak AT AR E B 45
Fo HA (4) WAL, Sobel G- B F7EK V- 5 1
7R T IR B R, o PR G A 1 14
WO, 18 A S b B B iz

2 RERSR

2.1 FEIEKEMMN B ERE

23 7] 08 I Ve ) & i ATOR 32 M i — Ffr A 35 fih
2T 9 O, B B R R R S R )
IR A 20 o, P 2N QB A5 58 B B bR 1
JE o AT B R — A Y 2 R E D A, anE 2
Fiin, 2418 sl BRI s o Ye e, 2 @ﬁ&%T%
TRC PR A5 v 1 A 003, A5 3] 190 D D 2% B A
2R G p(u, v) N8 B R B D) 2R3 Fo(u,v) 575 @ﬁ
e i 35 55 oK BT A Hp(uov) B9 SRR, BV Hp(u, v) X
Fp(u, ) IEATIENE o Hp(u, v) B H O IR A u=po b, B
Gp(u, vy Hp(u, V)N Fp(u, AT IR & J5 13 2 1Y, B LA
Gp(u, VI RFAE 2l Hp(uo )R E , G (NHTE f =
fo=plbWAFFER W . 2 3h B bR i 38 B T A 2R
v=pxf, L p 5 @ﬁ&%%ﬂ%o 23 1] 18 U %
XA R LA B, a1 B G (HRY TR £, L
o3 ()8 4% 0 JE ) p BIRTTHARC 2 3l H bR i SR
R s [a] g P vk,

HRHHE Z:28 SCHK [6] %2 a1 8 Ik #4819 Rt R A7 20 A
AT, M5 B bR BRSNS TF23 )08 s 1 S 1
p B, i A5 5 G (,v) BT AR 58 4 vl D8 U 28358 B PR A
Hp(u, )R, 2 BHGR SF K F 25 (] 58 I 4% 1 J5 10

/i\ / /A

—Ho Ho

P 2 WAL AR A

Fig.2 Distribution of typical power spectrum
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Fig.9 Focusing curves in different imaging scenarios
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