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Abstract In the troposphere. the higher the altitude ascends. the lower the temperature is. To compensate the
influence of the change of temperature upon the image quality, an active-focusing aerial camera objective is designed,
for which f is 400 mm, field of view 2w is 10°, F number is 8, wavelength range is 460~ 750 nm, total track is
380 mm and back focal length B, is 150 mm. This objective has perfect resolution, whose modulation transfer
function fur is no less than 0.52 at 70 Ip/mm and the root mean square (RMS) diameter of the spot is 3.6 pm. A
focusing group is equipped in this objective whose motion range is =5 mm, and the 0. 1 mm moving value is
responsible for 0.026 mm in the image plane. The stationary thermal analysis and the temperature gradient emulation
of the camera objective are presented subsequently. For the stationary thermal analysis, it is showed that after the
active focusing, the aerial camera objective can obtain good image quality at the temperature range of — 60 C ~
460 C. For the temperature gradient emulation, each lens’ temperature gradient is set artificially which obtains the
20 C axial and radial temperature gradients respectively; the result of the emulation shows that the objective can
obtain good image quality at the 20 C temperature gradient by active focusing.

Key words remote sensing; aerial camera; optical design; finite element analysis

OCIS codes 220.3620; 280.6780

kS B HA: 2011-09-05; Y ZEIMEB TS HEE: 2011-10-13
B2 o E B b U B 4 (ck0308) T Bl i A
EE G- ﬁg/gﬂ\(wsz—),%Jﬁhﬁ&%M%;‘ﬁ%&fr%E&fﬁﬁﬂﬂ%ﬂﬁﬁ%*ﬁﬂ%ﬁﬁﬂ%ﬁ%

E-mail: langongpu@ yahoo. com. cn

0322006-1



Jt

L
£

i

»g,
7

5 E

EH R AT A B GEHRLZ D - 3R 853 B B
VAR O T T R AL MR B TR L km R E R
B 6 CAA™ . M KHLAHE €E 7000 m a5,
TR TR 42 C, b4 58 Sk 6 I8 B i AR i) 47 S
R[] LR T 4 T T A A 5 IR BRI R Ss 3
5w

] A ANV 22 BILAS) of Y R A2 A L B TG # Ak
AR AT T 0T R B A o — R A M,
T2 R G AE — A 0 R R B P PR A R AR B
ALAR/ N, BRI TR AME R R =2 wish
L F SRR A AR A SOR F 3 8h i £
WL zs ML BE EAT VT B X BT 45 SR ZE TR K
PR —60 C~—+60 CTFIFATRA LN EIR
JEBEBE S 20 C Rl A% 1) 3 22 XA AL T A5 R OC 40
Bt BAZ ST

1

2 R

O PR UE A 23 AL B 45 O RVERE 70654 BT B
BN B8 B2 A9 R2 W o 7R B A R R A s A
POESA BT B S BEEOAR A DU P

D EFREER A6 RGN — W FE A Y
i 38 A Al 5 1 A 1) A5 T A A 3R L ORI AR 53 B
OB o AR I 5 B 2 T A5 R 0 AN R R Y
ARGttt

2) A FE JE R B I B < 485 R IR R AR LA
RETE — & 119 1 B2 78 A 3 [ P9 B G 155 308 78 R 4
PN R AR AT R IR T S B 16 DL T+ 2R G AR AT 9K 3 AR
M AR . B REMS PR UE IR AL AL IR 28 58 A8 i 1 B
PERE N AR Kl N € e o 7 W IR VA S-S o -
O LTS BE LN K F B 1455 @ R /MR |
7

3 b RGVTE
3.1 ML

B 1 EshiA s M P B s it AR
P /=400 mm, M35 20=10 °.F % 8. B 460~
750 nm. B4 380 mm. )5 #RIE 150 mm., HiE4E 7 N
A B IEE Y £5 mm(FF5 — "R oR JH 4l
R RREEAN GBI . BT 5%
3 0. 1 mm, %5 0. 026 mm,

lens 1 dOUbl‘lﬂt cemented  Jopg4q lens 5 lens 7 (focusing lens) cover lens
enses —
lens 2 lens 3 stop lens 6 prism
4 + ——— ——

il

|
!
.

image surface

P R b KA ML Bt 2 45 4 1A

Fig. 1 2-D layout of the active focusing aerial camera objective with middle-long focal length
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Table 1 Thermal properties of the glass materials of the lens

Glass Young's Poisson ) Thermal coefficient Heat Heat
Density /(kg/mm®) conductivity / )
material modulus /MPa ratio of expansion / (1/C) Capacity /(J/kgC)
(W/mm)

1 95000 0. 259 4X10°°6 5.9X10°° 8§ X 10~ 540

2 62000 0.232 2.45X107° 9.2X107° 9.25X107" 808

3 79000 0. 239 3.08X10°¢ 6.5X10°° 8§x10* 600

4 79000 0.251 3.2X10°¢ 6.6x10"° 8.1X107* 690

5 82000 0. 206 2.51X10°°¢ 7.1X10°° 1.114X10°° 858

6 96000 0. 26 3.53X10°°¢ 8.5X10°° 9.9x10" 660

7 93000 0.262 3.37X107°¢ 9.03X107°¢ 9.6X107* 690

8 90000 0. 243 2.92X10°°¢ 8.04X10°°¢ 1.04X107° 760

9 109000 0. 288 4.41X107° 7.37X107° 7.9X107* 530

10 71000 0. 224 2.59X107°¢ 8.2X107° 9.5X107* 783

11 66000 0.225 2.5X10°° 9.61X10 ¢ 1.04X107° 860

*2 WP E
Table 2 Primary aberrations
Surface SA TCO TAS SAS PTB DST AX LAT PTZ

1 —0. 238865 0.061027 —0.106386 —0.102921 —0.101189 0.008765 —1.496921 0.127482 —0.003464
2 —0.006252—0. 027227 0. 024700 0.051049 0.064223 0.074105 0.354116 0.514054 0.002199
3 —0.166442 0.045055 —0.114830 —0.112120 —0.110765 0.010117 —0.332964 0.030044 —0.003792
4 —0.587162 1.723913 —1.685746 —0.560984 0.001396 0.549018 —0.290506 0.284309 0.000048
5 0.002783—0.054242 0.264451 0.029489 —0.087991—0. 191607 0.030108—0.195630 —0.003012
6 0.442836 —0. 878047 0. 585618 0.198734 0.005293 —0. 131349 0.455719—0. 301197 0.000181
7 0.771238—0. 175008 0.243917 0.235092 0.230679—0.017782 0.811377—0.061372 0.007897
8 —0.372160—0. 036119 —0.172273 —0.171494 —0.171105—0. 005548 —0.378140—0.012233 —0.005857
9 —0.032038 0.220500 —0.447743 —0.110502 0.058119 0.253509 —0.083191 0.190853 0.001990
10 0.131581—0.591791 0. 844197 0.252731 —0.043001—0. 378889 0.499642—0. 749050 —0.001472
11 —0.003050—0. 042911 —0.086769 0.047397 0.114480 0.222285 0.119025 0.558213 0.003919
Stop 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0.000000 0. 000000 0. 000000 0. 000000
13 0.070505—0. 300046 0. 445356 0.161602 0.019725—0. 229240 0.326921—0.463754 0. 000675
14 0.004413 0.039293 0.222661 0.144922 0.106053 0.430083 0.201179 0.597036 0. 003630
15 0. 000004 —0.000798 0.043534 0.004813 —0.014547—0. 350354 0.005563—0.404928 —0.000498
16 —0.033094—0.005085 —0.062156 —0.061983 —0.061896—0.003174 —0.195063—0.009990 —0.002119
17 0.000074 0.007707 0.172679 —0.004759 —0.093479—0.164371 —0.013525—0.467108 —0.003200
18 —0.000317 0.015618 —0.174903 —0.003767 0.081801 0.061910 —0.023111 0.379852 0.002800
19 0.006372 0.024603 0.031663 0.010554 0.000000—0. 013583 0.033106—0. 042606 0. 000000
20 —0.004002 0.015450 —0.019884 —0.006628 0.000000 0.008530 —0.020790 0.026756 0. 000000
21 0.003311—0.012783 0.016451 0.005484 0. 000000 —0. 007057 0.019857—0. 025555 0. 000000
22 —0.003265 0.012607 —0.016225 —0.005408 0.000000 0.006960 —0.019583 0.025203 0. 000000
Total —0.013528—0. 007490 0.008310 0.001300 —0.002205 0.132327 0.002818 0.000378 —0.000075
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Table 3 Motion values of the focusing group to focus
at different temperatures
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N 6 PR i BE oA dn 8 7 (a) ~ (D iR

ot L B AR AR AN ] 8 () ~ (D PR . $EEAS T 25
ARTE R AR (s y > 2) HAETE R (A, Ay Az) - G
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Table 6 Setting of the temperature gradient distribution in the temperature gradient range of 20 C

Position Cover lens Lens 1 Lens 2 Double cemented lens 1  Double cemented lens 2 Lens 3
Temperature / C 20~40 22~42 24~44 26~46 28~48 30~50

Position Lens 4 Lens 5 Lens 6 Lens 7 Lens 1 CCD Cover lens
Temperature / C 32~52 34~54 36~56 38~58 40~60 42~62

()

(&)

Q)

B 7 #BEEEESE, (DRiES: (DB 1; (OB 2;(DMREGES L (MR GES 2: (D& 3;
()i 4; (W FEBL 5: (DIEBE 6; (DERE 7 Qobesi; (D CCD i i i 52

Fig. 7 Temperature distribution graphs of various lens. (a) cover lens; (b) lens 1; (c¢) lens 2; (d) double cemented lens 1;

(e) double cemented lens 2; (f) lens 3; (g) lens 4; (h) lens 5; (i) lens 6; (j) lens 7; (k) prism; (1) CCD cover lens
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Fig. 8 Deformation graphs of various lens. (a) cover lens; (b) lens 15 (c¢) lens 2; (d) double cemented lens 1;

(e) double cemented lens 2; (f) lens 3; (g) lens 4; (h) lens 5; (i) lens 6; (j) lens 7; (k) prism; (1) CCD cover lens

5.4.3 $ BT BRI ESCI 2 AR X A AL T S AT A i . T 9 () R

HHE 2% 6 W BE A3 Ai 1 00 Je (15) ~ (22) 20, a3 JRIRIREERREE 20 C, W AERTH MTE EIE, thif 25
HH 7 i 0 JE B RGO R R B, ISR 7 R . i o8 — 1,054 mm, fur 224 0. 21 (70 lp/mm);
5.4.4 ARy P 9(b) 7R 1 2 T BE 6 3 20 C L3l ) i BE 7 O £

B AT B () Zenike 2T R FE 7)) K H IR 4D LGB MTF &L &8 7 4R R 0. 404 mm,
ARl (2 )R AGF BT B L AR B LR A% Far=0.52(70 lp/mm) , P88 5 B Wi .
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Table 7 Central thickness of various lens at the temperature gradient range of 20 C

Original Central Original Central
) central Temprature /| thickness with ) central Temprature /| thickness with
Position . Position )
thickness C temperature thickness C temperature
(d)/mm gradient (d')/mm (d)/mm gradient (d') /mm
9. 000 20 9. 000 Stop 15. 000 53 15. 004
Cover lens
10. 000 41 10. 002 7.000 34 7.001
Lens 5
12. 000 22 12. 000 86. 626 55 86.653
Lens 1
3.9750 43 3.976 8. 000 36 8.001
Lens 6
10. 709 24 10. 709 5. 000 57 5.002
Lens 2
3. 000 45 3. 000 8. 000 38 8. 001
Double 10. 358 26 10. 358 Lens 7
cemented 40. 000 59 40.014
lens 1 6. 000 28 6. 000
Double 6. 000 28 6. 000 52.000 40 52.009
cemented Prism
lens 2 4. 000 49 4.001 55. 320 61 55. 340
I 3 12.000 30 12.001 CCD 1. 0000 42 1. 000
_ens
3. 000 51 3.001 Cover lens 1. 680 63 1. 680
12. 0000 32 12.001
Lens 4
23.332 53 23.339
£380 aerial camera £380 aerial camera
1.0 \‘m\: DEFOCUSING 0.00000 l.O _ \‘\‘\ DEFOCUSING 0.00000
; 0.8 - g .8 = \\
5] 5 2
= 0.6 S = 0.6
=
3 =]
=] pa- S
= 04 e = 04
0.2 == 2
I @ (b)
| |
10 20 30 40 50 60 70 10 20 30 40 50 60 70

Spatial frequency /(Cycle/mm)

Spatial frequency /(cycle/mm)
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Fig. 9 MTF contrast figures before and after focusing at the temperature gradient of 20 C. (a) Before

focusing; (b) after focusing
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