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Design of fisheye lens of omnidirectional gaze photoelectric imaging systems

LIU Shuai"*, NIU Yanxiong'” , LIU Haiyue'”

(1. School of Instrumentation Science and Opto-electroncis Engineering, Beihang University, Beijing 100191, China;2. Precision

Opto-mechatronics Technology Key Laboratory of Education Ministry, Beihang University, Beijing 100191, China)

Abstract: In order to achieve imaging, detection and alarm of hemisphere space target by photoelectric imaging system,
based on large field imaging and aberration theory, fisheye lens of optical system was theoretically analyzed and simulated by the
scaling laws. The barrel distortion and stop coma were used to increase the illumination uniformity of image plane. The system
axis aberration decreased by means of ray aiming iteration. Imaging quality of the system was evaluated and analyzed multiply.
Distortion correction model of imaging lens was derived. The results show that, in visible spectrum, fisheye lens of excellent
imaging quality is gotten, with the CCD effective size of 8. 446mm x 7. 042mm, effective pixels of 2448 x 2050, entire field of
view of 180° , focal length of 2. 24mm, relative aperture of 1:2. 8, image plane illumination uniformity of over 90% , and mean
square root radius value of diffuse spot diagram of less than 1/2 pixel. The modulation transfer function with spatial frequency of
145lp/mm is greater than 0. 4. The omnidirectional gaze photoelectric imaging system can realize the real-time detection of
hemisphere space target.

Key words: optical design; fisheye lens; aberration correction; image illumination

51 &
[ BEDLE R BUR R GE L5 180° , nl S A4
PSS RS S, 7522 By 45 O 5 B R

s [0 S U A AT 143 T R R AR A
MRSk 2 4 ) B HL AR A8 G 1) o 22 BT o,
Dy e K HLRE S BEALK TH7 b 3P~ 2 S0 0 A e P )
J, SR A B Sk 2 Bk R PFHE R G L
IR KBS SN 4xiin  PREEHLAR U RS B (HZ,
1 T EA R , RSk T 2 W HURAIR, iy

EZ A X I (1992-) 55 AL s A, T 55Ty
] R it DL R

# IR R A, E-mail ; niuyx@ buaa. edu. cn

Wk H 1 :2016-03-07 ; iCEIME 0 H 11 :2016-03- 16

2 B R TR SR A R A R BT,
KO PR IRB R TR A A EEE L, A
AT, AN E L RE T B & T T 500 J5 {5 2% G 14 1%
TR AR Bk Wy 185°; 35 [ KR R 28 1 1B [
FIWLGE T R B2k Tmmer Vision 23 Rl & A T 4
KAL 3. 8mm T IR . N GAO 28 Aeit T MIBk
) f A IRAHL™ s ZHANG 258 A Bt 4 3 f iR
3 AR Z I 100 T5 5 CHEN 25 A BIF5E ) 8 e s £
MREE K AR5 % 9 300 277 ; ZHANG 28 AW
T RS, A ot 7 2k 2 2500 TR E . AT 0L, 5
PR DG UL R GRS A BRI &
it o

ASCH DGR B R G B o L, R
AR R R 4 ) BEALY H RS R A R e Sk i A it



Al A2

X AL R R G IR B 297

Ak, FFAR I W2 K s k] 5 2 448 AR 1hT B 1 35 5]
P 3 3 2k A VAR el Nl A 22 RS B
BRI T Z W 5 50, IR HE S T B A AR AL
TEAAY, PRINES R A SONY 24 w] 11mm Xt £k CCD,
HRUGE Ny 2448 x 2050, T A I BE b Al WY, £ HR 5%
LA 2. 24mm , AHXTFLAR K 1:2.8 S IR R 4¢
M3k 180° M50 RREE ¥ 5] PR3k 5 90% LA |, e 1%
36 BREICAE 1451p/mm %3 [ JRAN KT 0. 4, BUG T it B
it

1 2@EBEALERERSE

4[] BRI HLFSL AR 2R G T S RN~ 2= 38 A
HAEL ARG T m RSk L CCD R AL IR R
AL PR GERN /R e 2B, LSRN 1 P, £l
BT H ARG (R B R 40 iR /e CCD E & 4%
& b, ERAR AT HARGAR 5 e e i85 1R AR
BEBIRAE S, EUGR SR AL B R Gon) IRMR A% I e i ) A9
LGS S AT RAERIAE A%, 1R T £0 IR 5 Sk 41 358 1) 22 1)
M BAEEAAEBR L AL , AT A AR I 157,
JIrLABR T IEH B G AL BURE Iy A, 3 0 R4 T PRI 5 1) e
ARFEARIE , B e s gy A H I A0~ =S s AR

fHE.

fisheye lens

/ ; image
— processing £
system [

LED
screen

1
TRITEE

incident
sight I

|

Fig. 1 Schematic of omnidirectional gaze photoelectric imaging system
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Fig.2 Basic structure of the inverted telephoto lens
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Table 1 Specifications of design

parameter value
pixel size 6pm x 6 pm
wavelength visible spectrum
focal length 2.24mm
F/# 2.8
field of view 180°
relative illumination >0.8%

MTF of all fields(145lp/mm) >0.3
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Fig.3 2-D optical path diagram of fisheye lens

Table 2 Design data of fisheye lens

reference

surface radius/ thickness/ . Abbe
index
number mm mm number
(glass)
object infinity infinity
66. 143 2.2
lens 1 o1l 0036 1-S2N-BKT) 642
-103.504 2.119
lens 2 10,988 6.997 1.59(N-SK5) 61.3
lens 3 18.180 4.938 1.72(SF1) 29.5
-18.265 1.994
lens 4 12247 27 621 1.69(N-LAK9) 54.7
lens 5 15.187 2.732 1.69(N-LAK9) 54.7
6.036 6.609
lens 6 ~9. 666 0 214 1.55(N-PSK3) 63.5
-9.622 0.874 .
lens 7 _23. 548 1311 1.72(SF1) 29.5
stop surface infinity 1.311
11.316 5.279
lens 8 ~9.238 0.597 1.55(N-PSK3) 63.5
-8.072 1.176
lens 9 ~16.706 9,080 1.72(SF1) 29.5
image surface infinity
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Fig.4 Spot diagram of system
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Fig.5 Distribution curve of energy concentration

Table 3 Distribution value of energy concentration

field 0° 45° 63° 72°  90°

50% energy concentration range 1.2 1.3 1.4 1.4 1.3
85% energy concentration range 2.9 3 3 3.1 3.2
90% energy concentration range 3.5 4 4 4 4
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FIATARK BRI WAL, 28 Ge i S W5 d5e KW 78 Ohy
~97.8% o Wai”i B IR AN JIC A T L , fELIRE , WA X6)
FIGIE AR , S RE 0 BB AT A AR B¢

A5 BT LA, 2l BELE H R R Gl it 2 B R R S AL
ARG AT Je I RA A E
XGRSk R, B3 5 TG 27 e 3 ol 0K

PR BT . D6 AL BB 506 R RIE A
K, X E R G RCRA 5, eI R 5
AR, AT HE . &1 8 J2BE Sk 7E 20°C R B R Y
St L 38 26 %% ( modulation transfer function, MTF)
HEMEEL i PN TR LIRS Py e
L R BUA . Ik A CCD AR RS 3. 45um, B
JIE X IO B i R 5 T AL 38 g 145 1p/mm, G IS, 90% #1L7;
i MTF (5 3597E 0.5 DL b, U 1% 90° 7/ il i £k
H 0.4, FF 5 IR 20K . 5 B3] 21 BEIDE
BUAG ZR e 4555 05 T B T, X B Sk FEAS [FIRLEE R MTF

FF, LI TS _63.00 DEC
TS gm OEG. TS 72.00 DEG

‘ .O I T '45.U'EG . ” ?? ‘B.BE'EE .
0.9 ,
0.8 S~
0.7 e
e 0.6 o=
0.5 —~
Z 04 N
03
0.2+
01 ]
0.0, 39 33 87 116 145

<

spatial frequency/(cyclessmm™')
Fig. 8 Relationship between MTF and spatial frequency at 20°C

g]FF LINIT TS_63.88 DEC

Lo life®e |}’3§2§%%s‘&5 -
0.9} = i
0.8 = :
0.7 =
| ) . 3
E 0.4 \‘\:
0.3 ]
0.2
0.1 ]
0029 5§ 87 116 145

spatial frequency/(cycles-mm")

Fig.9 Relationship between MTF and spatial frequency at —50°C



300 o

ot B AR

2017 4£ 3 J

HATOTE T, P DGA 8 ZEMAX, BAe 385
IS 89 & 10 203 8 REGEAE - 50°C, T0°C I
IR R R Al L S BRI AR OR BRI, R
4t MTF ${E-5 H IAH HAT 29 0. 03 [ FEAR, 22 A AR/,
7GR T i, MTF #i 20 JLT- 80h 284k R WIHEk
TR AT

S I, LT T
””15 45.00 DEG i

MTF
PO~
o—ibbbrLonNxXLD

S

29 58 87 116 145
spatial frequency/(cycles:mm™")
Fig. 10 Relationship between MTF and spatial frequency at 70°C
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Fig. 11 Comparison

a—the original image b—the simulated image of fisheye lens
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Table 4  First order of seidel coefficients

sphere aberration ~ coma aberration astigmatism aberration  field-curve

distortion longitudinal chromatic lateral chromatic

S, S, Ss aberration S, aberration S aberration aberration

0.00228 -0.161835 68.9144 64.5018 9.09 x10° -0.00057 -0.04616
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Fig. 12 Relationship between real image height and field of view
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