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Table 1 Specifications of the catadioptric panoramic optical system

Parameters Specification
Wave length Visible spectrum
Field of view (65°~115") X 360°

F/# 3.5

Focal length 1.24 mm

Total length <100 mm

0552218-3



22 HIRHXEKREZZRTHHE

P AT NR R G E B RO BT P4k R S8 .CCD, b OG5 BTl 219 R R G2 R L 7
BIVE R BERE R LR AR5 i Rk R g b, M S B M K T 180 I & st iR . RGBT 2 i
Hh gk 28 G0 21 SCS B B G fi ORI AR A 4 Bl 1) BRSNS B G AR D IR BRE o AN T T 3 B g A R
e RGERRAF AR, b AR R R 12007 R GUR R 19 TOLL X RGN TOLR R X Fr . By
RGP Ak RO EEE OtZol o R RS R 0. A

D
tam?:f%l
2h 2f

A2 B Z R 2R MR RGN RS D1 T RTS8 R T Z A H G R, BT IR
36 S B LT 65 18 RO A8 0 P Ak R G AR IR R e ORI E A BN RO BE AR D R gk R ST R S
B8 LT fc K AR AL Y Pl 1] BELES A

(12)

/ h
.6//
7
1/
-/ y
r
' ﬁ ;
;! /
/7 |
| . v
fe—

Bl HRHLFRERAEHRT XA

Fig.1 Calculating size of catadioptric panoramic optical system

23 REBERETHBREHER
it S 5 B 0 0 AT 0 B 6 b A A o R v i e A R 1), R 6 4 i R B I S A A ot
ARG Rk RGO R AR BI M L. T R4 5ok R G0 4k R GRSl T DATE B
e T #E T R R R R A A IE 1T IR 1S il A v 4k AR e T ISR i T 1 2 il DA
TS BT S gk R G0 0 DT 25 £ 3 it RE B HRE AT IR B IE S i 0 B L B
Pray + Poier =0 (13)
S Prwy J P 4k R G800 VE 25 AR, P 07 S2HHBE BT 19 VE 28 AR, X T & A 224> 6% 310 196 2% & 481
LR AT LS
! o~ (= )
P:;PZ:J“;TC, (14)
S TR R AR B, R G 00 S 2 RS A R A IS R o R i A R AR L T RSB TR R A
JR 4R 25 L AT BT R R 1, i LA 5 4 B T i DL 2% AR R

Prllirror]2|:<771nl)cl:| ZJZCI (]-5)

nin

TE R B PR o0 27 LR S M 1 BT, A B S 0. 00 AR N RS 15 25 R R AR O DR 2R kAR
K AARAIE Z S5 AR B 37 it AN o O T S B R R TR AT S S B T R T i i AR Pk R

05522184



ik, A5 T Q-con JE BRI A 4 R SR A Ol e R gt

S8, IFROL BRI B AT . R Y SO B R A A AN A 2 B

B2 REFEETGEEMREBER

Fig.2 The results of modeling the initial structure of the mirror element
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Fig.6 Design results of relay system
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Fig.7 Performances of relay system
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Fig.8 Performances after system splicing
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Fig.10 Performances of the designed Q—con aspheric catadioptric panoramic optical system
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il A% 38 BRECR T 0.4, AR M 3 K T 0.5, 33 AT S BR 5 151 10Ce) S RGE M 3 ith il A8 i 2k, T LUE 2, % &R
G KB /NT 12%

i i ZEMAX | Surface Conversion Tool ¥ 5 5 4 5. 90 Q—con JF BRI % 4 hy fi sy LR 14 K 1B e
BRI, 5 Q-con dEBR T 22 W AR 5 o S B 50T Q-con A R i 4 8 8 A S HUR % AL 5 15 1K
Jeek i LA 8PSk 2.

2 RHEETQ conIHESHMEXNNANBXIEKRESH

Table 2 Parameters of the designed mirror element Q-con aspheres and corresponding even aspheres

Q-con aspheres S, Even aspheres S,
Ceon 0.064 218 ¢ 0.064 218
k —1.216 172 k —1.405 582
Pina 23 / /
a, 0.212 953 a, 4.799 266X 10°°
a —0.024 496 1 as —4.051 28410
a; —3.098 967 x10° as —3.042 961X 10 *
as 7.550 445X 10" a 2.765097x10 "
a, 9.075401X10°° ap 4.524 376X 10"
as —2.447135X10°° ay —3.989 443x 10"

o & 0] LUE H Q-con Z I R H a, (ay~a;) BYBCEEGAE 107 LU 5 1 4% #1948 U 3R Bk 22 1 X 2 8K
a~ a BOEPGRB] T 107, XL Q-con 22 T AR B/ 5~16 /B g, X R W T 7R R B i i 35
T, Q-con Z TR BHA R MR G, n] LU B 2 094 380807
BE— 25 X P Rl AR 2R R, G [ B ) 46 A5 A AL R, SR TS Q-con AR BR T 1T Y B4 B S BT SR DT AR
U A S AT T B AR Bk TR A S AT BT OO0 . RGP B E AR BCRE B S Qocon H K
S AR AR GEAR ], e BT 9 S B B T A U AR K T TR 2 A 5k 3 s o AR R BodE T AT A U AR B
FABOBERE 0 ~10 7, LX) Q-con Z I R BN 5~17 DRG0 IR TR i éh R .
R3 REEETEXFEHRAERSH

Table 3 Parameters of the designed mirror element even aspheres

c k ay g as Ay A ayy

S, 0.0598 —1.303 —1.152X10"" 4.780X107"" 4.275X10"" 1.286X107"° 4.384X<107" —2.960X10"*

— 5 T, AR A% 48 A8 O AR Bk 2 35 50, Q-con AR Bk K UL LR B 2 AT AECT M TT Dl o
JLAF RN TAE S I TR EE o 55 —J7 T, i T Q-con 22 W45 28 B0 B AR IE 52, ol 5 1 14 G248 Ul BR 1 25 101
F RO EL R M 14 555 a5 AT AT AR w5 A0 AR AR BT AR Q-con JE BRTETZEAT D8 AL B3 0T LA AE 1K 51 5w 15 i Y
(] Fsf s FL A 5 g B ] T

SR SO AR L T Rl T R AT T, SR S A A T - G v O T T 2R A R R i R
AR g i i 0 TXE 5y A JEE O PPAR B b, 3SR T TR TR 2R R o O T 2 ) A O o A i AT 11 B B
9 Q-con 3 B T A1 UCIE BRI -5 B v gl TR O O RS . T LU B Q-con JE BRI A9 K e A% i B
KA 250 pm, T A U AR BK T A 2% R O RS i A K R 806 pm, S Q-con I Bk 1 2% i A% i f R A S A LA b
BEWISR T Q-con AR BRTHT 14 5 36 B2 4 70 HAT 54 1wl i T4

Pl 12 Ca) g Fr e i X 5 R G 5 9 B, AT LU B AE 42 90 3 Y 161 P9 38 07 ARG OB ~F 42 9 2.675 pm, [
Q-con AF BRI BT 1 TR BCRE 42 2.093 pm i 1 27.8 06 5 (51 12(b) Sy 28 ¢ 114 181 i) 1% 3ek v i th 2 141, 78 2 28 ST e
23 [ A5 2R 931 p/mm Ab , f5 KA 57 I8 i 4% 326 oA B2 5 0.4, AR A ¥R T 0.5, MK T Q-con JE Bk it 52 11 45
Fes B 12(e) i RGER 7 ith A A2 i 42, 7T LAA B % R G R AL 16504, [ Q-con JAEBR T BT T A W22 1204
i 2526 5 Al 3% 52 5 B2 B 58 ROSF 50 mm, B Q-con JE BRI B3 A S 4 B B ot ROF 45 mm i il 11.10% . 458 |
It id , R 1 Q-con A B TH1 ] AU 7 £ i 2R S8 BT RO I TORS BE /I AR A [a] I R LASE B R T N R
JRUH AR/ AE R
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(c) Field curvature and distortion curves
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Fig.12 Performances of the designed even aspheric catadioptric panoramic optical system
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Design of Catadioptric Panoramic Optical System Based on
Q-con Aspheric

BAO Sheng, LIU Zhiying, HUANG Yunhan, ZHANG Zhen

(Key Laboratory of Optoelectronic Measurement and Control and Optical Information Transmission Technology of
Ministry of Education, School of Optoelectronic Engineering, Changchun University of Science and Technology,
Chang'chun 130022, China)

Abstract: In order to obtain a panoramic image of the inner wall of the pipeline with a large field of view,
this paper uses a catadioptric panoramic optical system to achieve the panoramic imaging of the inner wall of
the pipeline. However, most of the traditional catadioptric panoramic optical systems focus on the rear
view, which will lead to the instability of the image distance plane of the system and the excessive pressure
of the relay system. In addition, for the field of pipeline inner wall imaging, the angle between the main ray
of the rear view field and the surface of the pipeline inner wall is too large, which will lead to serious
information loss of the pipeline inner wall. However, the catadioptric panoramic imaging system designed
in this paper pays more attention to the side view in order to obtain the information of the inner wall of the
pipeline, and takes the vertical optical axis as the reference, with the pitch angle of =25°, which is, the
panoramic field of view of 360° X (65°~115") , which avoids the above problems. The mirror unit of the
traditional catadioptric panoramic optical system mainly adopts even aspheric surfaces. However, due to
the non orthogonality between its various coefficients, the mutual interference and even cancellation
between the various coefficients, and the seriously small order of magnitude of the coefficients, the
problem of low optimization efficiency of the optical system is extremely prominent. In this paper, through
the study of Q-con function polynomials in three kinds of Q-type function polynomial theories, it can be
seen that, compared with even aspheric surface, the base polynomials of Q-con function polynomials are
orthogonal to each other, which avoids the problems of redundant interference, precision loss and
numerical ill-condition caused by non-orthogonal, and provides more significant figures, improving the
optimization design efficiency and machinability of an optical system. Based on the imaging principle and
characteristics of the catadioptric panoramic optical system, combined with the special requirements of the
panoramic imaging of the inner wall of pipeline, the relevant parameters of catadioptric panoramic optical
system are formulated, and the size relationship of catadioptric panoramic optical system was analyzed.
Based on the imaging characteristics, the design method of catadioptric panoramic optical system is
analyzed, that is, the design method of constructing mirror unit and relay system respectively, field
curvature compensation and splicing optimization. On the basis of the analysis of Q-con surface expression,
this paper proposes to apply Q-con aspheric surface to the mirror element of the catadioptric panoramic
optical system. The design of Q—con aspheric mirror element is analyzed, the fitting replacement and
optimization method of Q-con aspheric surface of mirror element is put forward, and the catadioptric
panoramic optical system based on the Q—con aspheric surface is designed. Finally, the field of view of the
catadioptric panoramic optical system is (65°~115") X 360°, having a focal length of 1.24 mm, F number
of 3.5, and a total length of 100 mm. The system consists of one mirror and eight lenses, in which the
mirror unit adopts Q-con aspherical type, and the rest of the lenses are spherical. The Modulation Transfer
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Function (MTF) is greater than 0.4 at the Nyquist frequency of 93 Ip/mm, and the imaging quality is close
to the diffraction limit. In order to verify the advantages of Q-con surface in the design of catadioptric
optical system compared with even aspheric surface, an even aspheric catadioptric panoramic system with
the same parameters as Q—con aspheric catadioptric panoramic system was actually designed, and the two
were analyzed and compared. The results show that compared with an even aspheric surfaces, the
polynomial coefficients of Q-con aspheric surfaces are 5~17 orders of magnitude more than those of the
corresponding even aspheric surfaces, which not only effectively improves the system design efficiency,
processing and testing accuracy, reduces the cost, but also achieves the design results with higher image
quality and smaller aperture.

Key words: Optical design; Catadioptric panoramic optical system; Q-type aspherical surface; Surface
fitting ; Mirror element
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