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Application of auto-focusing with margin field for
airborne remote sensor
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Abstract: To solve the problem of auto-focusing in large array airborne remote sensor, a method to
search position of focal plane in center field through auto-focusing in margin field was presented.
Combination of oblique assembling and fine setting were taken to improve precision of auto-focusing,
which could settle the influence of field angle in margin field. Microscope adjustment, photographic
adjustment and electric adjustment were used to realize coarse calibration, accurate calibration and fine
calibration of focal plane position and the problem of difference between focal plane position in center
and in margin field was resolved. In servocontrol of the auto-focusing system, coarse-to-fine and ergodic
hunting method were taken to find the optimum position of focal plane. Minimum step length was
0.01mm, and repeatability precision was 0.03mm, which was within focal depth and met the requirement.
After experiment and flight test, focal plane that was detected by this method was accurate and the
photographs were in high quality.

Key words: focusing in margin field; oblique assembling; fine setting; coarse to fine

W F5 HH#1.2012-09-05; f&1T H#A.2012-10-09
E&TIH . 85 863 11X (2006AA06A208) ; H [ A} 2 e J1 PR B 45T iy 715 51 H (070Y32R070)
TEE B A . IRk (1981-), 5, By AR 01, i, 32 B Nl 25 18 SR AR 45 M 1 11 5 1 (W F 5% . Email: zhangjichao@sohu.com



mailto:zhangjichao@sohu.com

% 4

Rk AL A EEMTEBRBZ PO REA 1039

0 5] &

A K THT A 2 i SR A SF T RO O, —
J AR - T A, 7R R UE FR PO % T
iR HTdE T, RO AT RERYMIE L G S oA
— S BRIV LTS R R, WG T
BEWAETE, 5 DI b A — E WY 22 57, (R T
AN LT A AS 2 I A AT B B A8, R R
I BUE TIE RSO R B ER N, 1B
TARF-& L TARRE, th TSR AR, (50 e A%
XL E DO AN R AR R ST, W R AT S
A IN JR e L R 0 S I8 e i R A L i A
A 2R G R I A T ) PR

FURT, K M B 07 i AT LA, e — R A 1 S
B AR A N Y R R P ALk B PR i E R
55 S0 35 A0 R E PR U R MR AT LU, AR 22
(B, o A PP P, S BAG £R  FLAIE RAG £E ] S
AR B TR A AR ARG 2R (0 B AN ),
RE % FLSC Y S M IR AR 1 ELIE T 00, XA AR 45 R
WA AR He IR A DG F e B T i A RS )
G R BT IOR [E S BN
AESRAG AR A AR PR B T T A8 A 51 R D't
FOUFAIE | EIn T B R A A A LA == X
Prit R AL S m &N U, KB R E ]
FE o ARG 2308 A AT o AT FA S N B R AL, AR
GRS Rk R DT

SCREP M RFE DL RS, RN T —Fd i i
Gk PO R B DTk R
AP SR R AR 45 6 B4 1 R 2 1 0 G L 3 A
PEFRORG R 0 A B 300 2 TR 2 ) 0 e A v R
S B AR ST (KL A AR 4 E U6 36 Tk 1% 7 1%
K FERE B vy, T, IS n AT

1 wEBRIFRE

1.1 EFmEEN

£5 O T 2 8 SR A 1 A R Ay, 1B AR
B2 T AR B S8 080 £ °F RS B2 R JF 1, S
T BT A 29 1) 8 B A AR 5 R TH S CCD Sk Gl
AWM TR, ML % RSk A MEE
A BT B RN AR R SR 4 A, O R SR A

wWmE 1 RS,

Drelector Detect focus

Camera lens

Reflect mirror

\\\ﬁ

Fig.1 Optical system sketch

PRI F8 RS>k 80 mmx80 mm , 1 JE s 444 T Hy (B

&, o0 T A A 18] AR TR RN BRI A5 (14 S0 1% 5]
Kt , Rob ol el20mm, &z~ SN 2 Frs,

Detect focus
Fringe

Center position

Position

P 2 R s R
Fig.2 Image plane sketch

PRI 7 86 TAR B R s, A BR IR
T RSE P, A 7843 R 25 T A R I T T Y
NG, RRNGMRGRE G RGBT A4 2: 1
FARG AR, 4R 4K fa ok — 5 1 ] B
AR 1522 5 B0 E AN 2K 0 09 ~F- T 12—~ 3E
BRI, W 5 DM RN 25 57 I
1) A7 (G A Y U A BRI & Hh 6 Tk &t oA
REEAT HHE,

1.2 wmEMNBM

G5 R G0 S 45 H IO 2% R G 1% 38 pR A
S 32 JER A ) AR T B IR R G0 1) MTF (I 4% 14 bR
& 3 s, ALK 4 s,

B 3 AT LA Y, 1% 3R G0 i A 3 ok 557 Lk A
56 Ip/mm B4 0.4, 7ERKEIEFE R G MG
¥R%, NEATLEE, Y% RGEE/E 0.1 mm
b, 116 PRBCT M2 0.3, A B X L2 R AR R
M AR K, 75 ZE R A



1040 sh gk A % 42 A
1.0
0.5t o s 2 MG HBKERESERRE
= 0.6 T,
3 s, DifTERCEION limit 2.1 MG E L
e
= === 0.3 fick (1. : ) ) ) i
ga =AM IS 207 TR I ROTEAE , h 08 ke e VR 2 1
'j*gﬁfﬁﬂsﬁ‘%m 1808 A R TR IR B8 B BRI EE, BT KR AR
Spatial frequencyleycles mm’ RSB HER— AL, EL R EREm
3 Jg¢ &% MTF 2k &l 6 Fis
Fig.3 Curve of optical MTF Reflect mirror Detect focus
1.0

=]
i
ol

2
= 0.6F
e I — Thiffrmction Hmit
= T 000 Fekd (0,00°)
204 === SSSS TS Feld (1,86
H—— 0.7 feld (2.65%
0.2 5 0LE feld (3.177)

w LA Geld (3.73%

-0.0% —him 1] (LK 0,08
Defocusing position/mm

Kl 4 62 R G MTF B4
Fig.4 Departure focus curve of optical MTF

13 WERE

RS TER TAERES T, Hob: REaim ik
THA 9 B B AR 3 A E A 18 S SR A
BT Ak 7E AT AL CE G, R DGR R
MRS OGOt RS B13A H ME B RO BEaR [, P28
bt S | RTINS ET R i S 7/
T 0] FE TR O IR T R A AR A Gn
Bl 5 fis

Focus grating

Camera lens

/

Reflect mirror

P 5 1 o A A i

Fig.5 Principle of auto collimation

KRS, S B T B A L F /)
sl , SRR CHE RS T LATESCH ) L AT KR
A, ARG AR 5 b7 A — A5 5, 9
i 45 e fR R IR D f 1o A2 a3 A S Y
RN W AR O, DT 32 ol 9 £

Camera lens

Detector

[l 6 £ 22 3 s B
Fig.6 Installattion sketch

] 2 s ) DR AV A0 7 57 J 28 A B, e DAl
RS 2 A WEE R BEIR [l el 2 15 5Dt
W17, 433l B e B RO B B Y 2 18 A
Jetlh b vrEl,

o A5 A5 1T 9B 12 SR FHMILAA JE% A1 v 1= B A
45 VRS 23 5B R T ik o PR S BB s s A £
TE 300 25 A0 37 (P 0T S 5 A o 300 L 3 48 T 7

R S E SPGB ES; SAET
SSRGS fE AR, AR AR A B Y £ T R P
NRY 7k eI
2.2.1 BMEAREAGAH %G

VRN S TR AL, R U &
AR SN G E A VR U A R AR
B Sh G MG E A E, TG 5K
BRI ZEE R 0.236 mm, ke A7 & = L0 0.236 mm,
BB PERE AT, i3 SRR 3 S WL 3% 1 5 G T
HA . WA E KR R B B E 7 RR

MOt RG22 W AEAE, IS 1 150E
g g A 22 5, DL K £ R 2 e
SlEEr IR 2%, SRR S oo L W £
FEZESR,



% 4

Rk AL A EEMTEBRBZ PO REA 1041

Camera lens Detect focus Microscope

Detector \ /

Collimator

P 7 AR A A AR AR T R B IR

Fig.7 Sketch of calibration focused plane by microscope

222 mEAEMSEEL P UGG EELS

W12 IRAE X HAR R A g, B sk A 45 s
BLTCT5 I8 B AR, P88 U B B AL HB R A
HO A R I 7 B, T S LT A HL AR
7.506 V., FIFbRE G RR MR RS HEAT A Sk
G FE A B (0 PR £ FL A T R 7.533 V, SR LA T
H2ME 0 27 mV, AL ZHHL 5 H Azt i R Y
X F TR B IE S 0.058 mm, #E T EIE

HF R WERERIN TIRZWFEE B
B 5 1S5RS SR R AR R U 22 5
2.2.3 BT AR RRE

J T AR AR RRE B, K DR A S Rk T
HL P4 0E TR A sk A, R A q5 i 0 v A e v 1
R 7.524V , SAQE & (B ALTHE 7.506 V 1T
HOBR 3 3 R e 22 SR AT B OE R £ U R
K 25 A IE 8,

Wit Bk 3 A EIRIMEIE KR L5 SRR B
RGO E , 2755 BRI IRZE I SR, L
KHUBIN T AN JH R 25 K AR RS FE B A %] 0.03 mm,

3 tuER A ARI=H

P TR AR AR e, A M L N B A DL
1T A LB, O 15 T8 1 DD B RO ) Ol
W22k, 7o A i B R A B R Bl o B AT AR E . T
syl A MEE RSB, EVTEDEHE£10 mm S FE A,
o 2 T 00 A0 RS B H 2 3, A S A T R
BN JE BRSSO TR R R A B E
S BELE 5/ ME I N 23

AR CHME A AN I, d T e L RE
w2 AR ERE R BROK, RS R
BRI, MR MO EA ) A St 8 e e R

W s R T G e SN e NI i e OF (== P BU RO
VR S A AL BE | B 00 RE AR T ER L B, [ Bh G AR
TAEEEANE 8 fiw

A/D

Focus
potentiometer

Power
amplifer -

| Object lens ol

Reflect mirror (’_L\ I Y
T

Gratin
Lamp-:i__ v= & Focus lens

Signal | house ¢ Photoelectricity | Scan reflect mirror
—*{ amplifer —® apparatus
I

l— Signal
L | processor

P 8 B S i 45 s BAE 5]
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Tab.1 Code of potentiometer, voltage and position

Code Voltage Position
5C1 7.003 -1.0
5D5 7.109 -0.8
5E9 7.202 -0.6
5FD 7.303 -0.4
611 7.401 -0.2
625 7.504 0
639 7.604 0.2
64D 7.708 0.4
661 7.807 0.6
675 7.806 0.8
689 8.001 1.0
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Tab.2 Code of potentiometer, voltage and position

Code Voltage Position
606 7.350 -0.30
60C 7.382 -0.24
613 7.412 -0.18
619 7.443 -0.12
61F 7.471 -0.06
625 7.502 0
62B 7.530 0.06
631 7.562 0.12
637 7.591 0.18
63D 7.622 0.24
643 7.651 0.30
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Tab.3 Code of potentiometer, voltage and position

Code Voltage Position
622 7.485 -0.03
623 7.490 -0.02
624 7.494 -0.01
625 7.499 0
626 7.505 0.01
627 7.509 0.02
628 7.514 0.03
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Tab.4 Results of focus examine

Time 1 2 3 4 5

Voltage 7.672 7.677 7.673 7.678 7.678
Time 6 7 8 9 10

Voltage 7.677 7.678 7.679 7.676 7.677
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