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Abstract: Aiming at the problem of multi~dif ference aerial camera image detection accuracy, a multi-
dif ference spatial filter parameter selection method is proposed. Firstly, the spatial filtering method and
the automatic focusing based on the spatial filtering ef fect are introduced. Secondly, the implementation
process of multi~dif ference filter focusing method is introduced , and the relationship between the selection

of filter parameters and the focusing accuracy as well as the sensitivity is analyzed from the view of the
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power spectrum of filter output signal. Finally, the dynamic imaging experiment is designed , and the lo-
cation images are collected under the typical guide speed of 53 2mm/s. Dif ferent filter parameters are se-
lected to detect the image plane for 20 times . and the focusing ef fect is compared with that of the tradition—
al image-focusing operator. The results show that the parameters selected by the multi-di f ference filtering
method in this paper improve the focusing accuracy by 187% compared with the Brenner algorithm. And the
maximum error of the focusing system is 33 92 um, less than the allowable error of the optical system

(76 8 wn), which meets the practical requirements.

Key words: optical imaging system; aerial camera; focal plane detection; filter parameters

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023

o

[1-3] o
1
N (-] ’
N 1 o GP (fl’
o )
, Gr () = Fp(pov) Hp (o) (1)
’ FP(/la "U) ’ HP(/ls
"U) ’ HP (ﬂs
’ 'U) FP</,(9 'U) ° Hp(,u, 'U)
[67710 #O . Gp(/,(, 'U) HP(#, U) Fp(},(,
’U) ° D GP(/,L9 U)
’ HP(ILlaU) ’ GP(f) f:fo
’ :/l() o
v=p°fs P o 1
, , Gp () Jo
o y4 s
[10-11]
’ UZJ\ ’
, [13-14]

http://journal.sitp.ac.cn/hw



17

http: //journal.sitp.ac.cn/hw

44 5
B= >)b, (3
1
= >a 4
1
D= >, (5
I S, =/(A—C)?’+ (B—D)’ (6)
’ }l:O ’
o ’ SoZo b
’ SolNSon n o CCD
s , 1
° ’ s n
o b 1 n 2
I()Pl = ;lemz 7
) CCD 2,
. Iops o ’
’ ’ I()Pl ~
i , Topm o ’
, :15] 2 2
[5]
2 Y Y
21 221
2 Y Y
o o CCD ) (9]
1 ’ b A A}
. w ap s w ° ’
w blo s 5
) n a, °
an~ by ~b,. c1~cy d,~d,, ( ) R
A= D, (2) ’
1

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



18 2023 5

2
3 N N
4 N
222 2 _ (sinmup . 1 2
C b, [Hy (|7 = (S0P (9

Tup

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023 http: //journal.sitp.ac.cn/hw



44 ’ 5 19
, w . A = (Lnb)* (13)
‘ Ho (o = (P (14)
’ |Hn./)(lu)|2 - (M)Z (15)
2anby cosmub
(12) )
2. 23 °
L
, h(y)=1,
h(x) 6 . , L ’
, b ° ]
:Zbo ’ )
? 8§~14 mm,
2.2 4
221 222 ,
o n
6 n= % (16)
. X
Jl,an<x<(2n—0—1)b .
h(x) =
IO, Cn+Db<<ax<< En+2)b 7
(10) n . n<10
H(usv) ZJh(x,y)e[fzj"(*“*"“mdxdy ; n=10 n=1/p
11— o2z ] — o 2wl
 2ur 2jor
_ singrolsinZnrpb el e D] (1] o )
471'2#1)005(71711)) Ke (1 s n=10
‘H(}la‘())‘z - AZ‘HL('U>|2‘H”,/,(#)‘Z (12) o D

b

http: //journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



2

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023

20 2023 5
7 n
225
I f=2f=2t =47 (22)
, (12) H, ,(w|* b ) P
0, s [y CCD , v
(Sln27mb}i P o ’ /)
olH, .b(w|* __ 2mbHcostHh” 0 (17
ob ob CCD )
. 3
sinZnr b = 0 (18)
2ncos2n Ub cosr U+ sin2nz b sinzrh = 0 (19) 22l1~225
(19 ) (18) A
) 8 °
n ’
2kb = kxr (b= 0,1,2:+) 20 . CCD A ’
CCD ,
o CCD
u= — E G —0.1.209 @D
27l’b p [}
o 0 04
’ I o rad/s; PENTAX ,
2D ) u p 200 mm, F 8; CCD DALSA
. : ZET § .
p o
CCD . , A=0 6 pm, F 8,
CCD o 76 8 p_mo
el . CCD

http: //journal.sitp.ac.cn/hw



44 5 21
8
9
40 pm) 11 .9 11 ,
(1) o ’ RO‘
n=6, p=0 24 mm, L=4 8 mm; (2) n=12, berts, Brenner s n=12, p=0 16 mm,
p»=0. 16 mm, L=6 4 mm, 11 L=6 4 mm .,
21 s R
MATILAB 10 s
, 53 2 mm/s 20
> ’ ’ 2
o 2 3 o 20
( D,
’ Brenner, 1 ’ n=12, p=0 16 mm, L
Roberts , 11 =64 mm ,
26% Brenner ,

http: //journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



22 2023 5

10 :(@n=6,p=0 24 mm,L=4 8 mm;(b) n=12,p=0.16 mm,L=6.4 mm

11 : (a) n=6, p=0.24mm, L=4.8 mm; (b) n=12,
$»=0.16 mm, L=6.4 mm

Brenner Roberts
n=6, p=0 24 mm, L=4 8§ mm 45, 78 um 41 61 pm 47. 59 pm
n=12, p=0 16 mm, L=6 4 mm 33 92 pm 41. 37 um 47. 36 pm
18%. MATLAB o
. , \ 4
s n=12, p=20 16

mm, L=6 4 mm ,
33 92 um, (76. 8 ym), o : 53 2 mm/s

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023 http: //journal.sitp.ac.cn/hw



44 5 23
. (1. . 2021, 38(S1): 73-77.
7] , ; ;
Brenner, Roberts 20 L.
) , n=12. p=0 16 mm, , 2020, 57(2) . 213-219.
L=6 4 mm . [8] . ; .. Visibility
Brenner 18%; L
. 2019, 48(4): 236—241.
n=6, p=0 24 mm, L=4 8 mm [9]
26%0; 33 92 um, .
(76. 8 um) , s 2021.
o s [10] Sun Y B, Zhang ] M, Chen S S, et al. Signal pro-
, cessing for extracting velocity information from
, . spatial filtering signals [C]. Chongging: 2020 In-

[1] Meng X, Feng H J, Xu Z H. Autofocus method
for scanning remote sensing cameras [ J]. Applied
Optics, 2019, 54(20): 6351—6359.

[2] . ; .o LSF

[Jl.
, 2012, 41(7) . 1808—1814.

[3] Park B K, Kim S, Chung D S, et al. Fast and ac-
curate auto focusing algorithm based on two defo-
cused images using discrete cosine transform [ C].

SPIE, 2008, 6817: 68170D.

[4] ; )
L1l . 2013, 42(S2).
329-332.
(5]
[DJ.
. 2022,
L6] , . SAR

http: //journal.sitp.ac.cn/hw

ternational Conference on Cyber—Enabled Distribu-
ted Computing and Knowledge Discovery, 2020.

[11] Ding Z G, Wang Z W, Wei Y K, et al. SPA—
GAN: SAR Parametric Autofocusing Method with
Generative Adversarial Network [ J ]. Remote
Sensing » 2022, 14(20): 5159.

[12] . . .
(1. , 2022,
43(6): 20—26.
[13]
[D].
, 2016.
[14] . . .
[l
. 2015, 35(6): 73-80.
[15]
[D].
, 2016.
[16]
[D]. : , 2021,

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



