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Design of large field-of-view low-distortion aerial lens based on high-order aspheres
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Abstract: To meet the conflicting requirements of ultra-wide-angle coverage and low-distortion imaging for high-
precision portable platforms such as Unmanned Aerial Vehicles (UAVs), a high-performance aerial lens is designed using
ZEMAX software. The proposed lens features a focal length of 4 mm, an F-number of 2.8, and a diagonal field of view
(FOV) of 113.6°. To overcome the geometric distortion and image quality degradation typically associated with large
FOVs, the design adopts a 10-element asymmetric retrofocus structure. Furthermore, high-order double-sided aspheric sur-
faces are introduced at core correction positions to precisely decouple and suppress off-axis high-order aberrations and distor-
tion. Structurally, an optical back focal length (BFL) of approximately 10 mm is achieved, providing sufficient space for sen-
sor integration. The design results indicate that the optical distortion across the entire field is strictly controlled within 0.8%,
and the maximum field curvature is less than 0.08 mm. At the Nyquist frequency of 70 Ip/mm, the Modulation Transfer
Function (MTF) remains consistently above 0.5 for the full field of view, and the system exhibits good relative illumination
across the image plane. In addition, tolerance analysis verifies that the design possesses good manufacturing feasibility under
conventional precision machining conditions. This design successfully resolves the constraints between ultra-wide angle, low
distortion, and long back focal length, delivering balanced performance that meets the rigorous requirements for high-
resolution aerial photography and measurement.

Keywords: optical design; large field of view; visible spectrum; aspherical surface

KRB 2026-02-04; WEIEMFMER: 2026-04-13
ELWE: REXHFHH (wdze-2-06); BEPHHEMMATH (2021GY-342); BRI HFAEESE CHE
EF® A AEMA (1989— ), B, SR TR, MFSLHEF2M5% . rsji@opt.ac.cn
Pk (1985— ), F, @ LR, WFa2enlfg . MEE RS,
*BIRIEH : 343966539@qq.com

385



*

%
B
*

52 %

0 3

Bl A TC APl . KRS HEAT T & 7 BRI
L B IR S R W b i T R A, X R A
MG RGN T B ES TG W8 2K,
AALE R ik H % KLY (Field of View, FOV)
DI #E ) W 5, w ™ks ot e mAE (R
B AT B 0 LA RS B2, [l i 2 R i Ak . /AL
o5 PR B Y P TR R, X —TF R,
KA 5 6w A8 O o i i 4547 X2 R Gtk
Mk AR bR . SR, TEEGOLERIET, KLY
FEAE PRl A 0 WA, R SR AR AR T 2 X
I 5 R B W AR 2 7 T A IR AR LA £ B Y,
B W G S22 . 5 B AT S R
PR, i e K37 5 I e A2 22 ) 0 [ A 8 O, JF
il FOE BT RAT B 0 AL, B Y TG 2
BT8R 1) — 0 S A Pk AR

KM 2 Rg A, E2E T &5
[T 2 NI B T Kl N ¥ & L AV |5 % S VA
ARG A . tERZHARBE T, RH
JE 2R 1 7 B OO ROE KSR 2 A M TF Bz
— 0T M TR ek S B, R A BT AT
BN S Z 0 T BT, BB A8 RS ME b A8 IE BR 2%
by i A5 Z2 Al AMG 221, AT W 2 R TS 0 Y
A% B B AL AR B A, IR S A
SRR R, #E— 2 U T (8 25 X AR 5
1M S Y2 A R gt kR, Mo SE £ 5
. REBNBERT S HACREE T 55

HAr, A5 2 8% 0E 1 48 Bk w5 R 2 g
TR B Sk PERE Jr A R F B B,
HEAEVIL T ZEMAX W T My, madfifb
JE BRI ST R AR R T L R A SR T AR
Bk e R BE Sk T i PR, A RURE TR 2% .
1o VKUK S ) HE — 25 A 5T T R 224 AR BR Ak £
MR 4% S i 5 vk . FTEE PR |, Gurtner ZM4 %t 6 A
BUR BT T — 3 B B 4 B R ) MBSk
Zhang S&"V[) FE T S R, RE T — K
AR R B R T A R Sk o R R R RT 4y R
JE R 1 2R SRR S AT TSR AT, BT
FEAR 22 IE T R0G T o 3k SR BT R B R
JE Bk B AR K A AE ek R g b B &
) N AN (BN 2 RV 77 o

B XFHEAT OV 6 0 52 PR 75 5k, AR SC R FE 2
Hh — Bl il A R A RO 3 MK AR Sk T O
%7 FE AN RETE AT L% I B PN S BHE BE L3 5 1K
W AR AR, KR G BN N DL
386

il

PREEE MR, RO IEAHL . CRE S TRAT O B 4T
I — o PR RE . AT EE A RO S R R TR T
I N R B AR AR A M EN S %

1 E#RIBIES

1.1 ZITEXR
T BT AN EE TG RIY
RSk, BT SREESk A A 2R A A T AR R
gU 1107, Ea AT e B, JEAA PR
AL T 1920 X 1080 (A FR I #% o B Sk 1Y W 242 [ ™ 4%
FERITE 2% LA, LB IR RIE I . di iy 5 o
Ab, BB TT N AR s e SRR, DA R A
OF G XA Hom MR LA R . HARW
HeE B R BHR AR TE L TR (1)
1 AR bR R

24 HfH
TAEW B /nm 400~700
M (L) /() =110
L& =1920 1080
SR <0.1m@50m
FA 2.8
MTF fhk =0.3@30lp/mm
Wi A% / %6 <2
K /mm <70

1.2 EHRSHITE

MR IT TR, AT B KOG RS AS
) 1920 < 1080 43 HE Z& ] WM 2%, HAR T KD
9 5.5um, T AE W NP B A (400~700nm) . 7E
TS, KX S IS EGHE AT VRGN 4 B B IE
1.2.1 BUGHEEF

FESE R A A X R TR, R ih
1920X 1080, D o AWM 5 X L RS, R
Sy Rt LI Al T ot A e

DSCHSOI’
FOV giagona = 2 X arctan( oF ) (1)
1920 X d
2w, =2 X arctan (2)
2F
1080 X d
2w, = 2 X arctan (3)
2F

Ko, w,ERGMA; d=55pm. RIS
AR, RGN ML AR 110° 0, B F%ET
4.24mm. KFFEEMRGH (2) F1(3) JeE,
WA 20,=102.4", 20,=70", Wk, 7EEDHE R
G R 110K, RGBSR EIE F %
B RN TR T 4.24mm, F IR A w, IR
FE 4mm,



54

TR, 5 6T v B AR BR A R 3 A% w8 A 90 B2 Sk BT

1.2.2 7z PR
I 2 G0 00T B 5 4 9 R KR R
d L (4)
F
Ao, LRRWIIE 2 R, 7R W R 2 4b 1 53
PR, RS, A ERASAGHHRS .
FE UL BE Bk 50 K EF, A4y HE R F RO A
0.069m, /NTF0.1m, HILAFER1HRBOTER,
1.2.3 EGHAR F L
FE 630 Y6 T AR A F RO, 75 R O 2 8
ASEEPE S RGEMERET K . AR WHE e FACH 2.8,
Je2E B Sk B DR R R R
’

A, DIVESEE ARG 0 AR B, @it &E
S0, Y4EFE N Amm BT, DAYEUE N 1.4mm.

2 RFigit

A5Gk T B bR 2R s e RE . R
by FLAR W A% 1) 85 0 IR B Sk o & IR AR IE 5 4
Br, REMEEREARBIRGH N A REE
(EFL) Z5k4mm, JYGEBIE (F-number) N F/2.8,
LR KA M (FOV) #1107,y [A) i i
FEER TR RO BRI R AR T A X = I5UR ] 2
7 R, BT R AR s AR SR i O AR 2
FATRE T FIORS M 915 25 45 1E SR s
21 RBEEHET

XFF MG M 110 M R sk, Wikl
FH R B 45K (Retrofocus) 7E Wil S . %451
VLT 5 1E 09 8 O 1 o A S SR AR RRAE G O
HI G B4 P R e 4, 7 S 0 6 46 R A ] A ORI
TRBK MG, b R R T R
ARV AR Y 10 J 2624 & 40 B ok 28 3 A )
gy, HOGEAT R 1 .

R.=

1 50mm

K1 w20 REOLEKAG R A
(P P B 1~ 10 23 531 %] 17 1 3CH 938 458 L1~1.10)

RBWOCH (Stop) 7 T5 H K i&EH (L5)
MBS R (L6) Zhb, &k, Rk
WO E, RGEAONET . EMAEEA, HIE4E )
REPF i 4T

(1) "4l (Front Group)

BrA TOLMZhr, HoRBmmm, Sk
BOOEEE . sRhEHE (LD RMIESHESR, HT
WKL W5 T Fedokm . £ RiE
B (L2) 22— RFCHEMmMNG HEE, Hirh#
¥R TR . BARE T LMY
JE 45 Vi Re . R TE A RE NSO 2 DG S A A AL
CHFT L T R AP A AR R A 37 A ok ) e 2 5 3 il
JRg: =) (L3~L5) NIEBEHEM, 75tk —PIL
SOGH, EHALEIEA, A6 E A IS 6
WA o BRI R ST A O A 1) R
e T RGE I RAR R IE

(2) JE%E4 (Rear Group)

e TR Z G, mSREGEAM =ATF5
M, BAESIIECEE, ARHEICR GG E
VeSS aAF4A (L6, L7) ARAMEL,
FIHAS W B 0y (i R PE, AR ER M A EY
(FES TP

i A (L8) & — sy ks, iyl
AR B R BiW 2Z 'L i (Petzval sum), A
HOES TR E S, RETA (L9, L10) A%~
h G iEg, REREMHNELECEE, Jf
E— B 22 SR EL, X — 5 H O E S HDE
WRER R, S8 T 4 R G0 MR 4R 25 14
22 BERERME

X T — AL F/2.8 KOG MR T 110Kk
HFgk, HBREREMAESEFRE, JUHEEK
26 B 2 Gyl R AR AE AR 2% In) G Oy 5%
o T E AR B, ARTERATT
— P T 10 R BT B R 2 B A ZE A, I 5]
A TAEBKRIE AR, DAXS 2% 28 AU 2% BE A7 RS 40 1 °F
HEREIE o
2.2.1 FRESEHEKIE

1EF/2.8 KOG 4T, SAARM Rl 1R
25 (Bk22) FKhabg 2z (522) BUR 5 m a4
R OCHE R o B G RY BRI R G o 0 e AR 2,
W TFREMI 2 R BRI BOCHEE, X334
PO 2% o AR VTR T — i %000 15 22 455 ) SR W
TR RES (L2) MMt kim B g] A
AR BRI -

HIRAEERT (Even Aspheric Surface, EAS) [
Form =z T EUE X, AERR NS LS B IR T

387



X o HF O K

52 %

= o + ot +
1+ J1—(1+ k) (6)
art+ a4 -
Xrf, ol CERRMEIED); kMR REG »
KR AR s o AEBRTE R, AR R (TR
A5 K 1w B T A R R A, LR RS o A R
Al B TR 6T T 3 o BR AT )R S

ZEMAX fifb &5 R 00, 1.2 A AR BR 1 7 7~ ~r"
AR R E R E T BN A, X
o UK I A O 2 1 3 RE R S R A% ) 8 B Bk ST A 45
SR R, RGO A, g Rk
53T Bl ' 2RORS B 5 TE T TR — A2 0N, AT R RO I
B2 pbAh, ARER W BT S RE AN T AR
2 048] 2 AL T T B
2.2.2 ik ARHEL AR KB 25K OE

XERUGOEERG, WM ik
Y SR ) AR IE T R e

(1) Gyih S5&E00 AL IE

Bk W3 et M2 FCA (Petzval Sum)
PUSE, FRH

¢, € Ciy

PZEQ:EL . (7)
L REP I H; O FRCHEE . AR
R EEH (R4 S5 ERHHAE) KGR T
AT ZE LA, SEGmHERNIMES. T
SRR AR, WITHR I AT Z R mir iR
BEES AL RL, BIANPTH R 2, > 1.8 i H-ZLAFS9L, LA
Fon,>1.7H D-LAF50-25, H-ZF12 fl H-ZLAF76.
X6 = T G R OB A SR T B Y R R, fE
AR AR KT F2 50 AR 2% U R Y BTk, I T
T GREHAITRE, ARG W B 2% R
BAE AL 2-0.023 mm™, AT 356 B 3% 845 5 A8 30 61
Y 54880, SEEF- S AR IR U

(2) W A% 42 il

Ik (RRSR RBE R A5 ) KR AE
BH S A0 A R W AR L AT A LR R Rl R e 1 )
HEAT 4 -

1) FIHSE M. REBEIEGEWA S BE—2
P e 5 WA [ R IEDIRE .

2) PeAb G R A B K R M A T R
SRy R E (L5 5 L6 2 )), B —Fh i
X FR G B A SR o M 6 2 6 R BB, % AT
BriaMEE 2 ROezE5mAERMG2E, N
1117 S B X6 P 5 A T 10 A v 42 i

(3) BEKIE

0, 22 1 1F 2 0 PR 7 56 nT D% U B AR R G
388

2(r)

G W) AT o AW THER AT F 4R (486.1nm) |
d% (587.nm) M CZ (656.3nm) X = HRHAEJE
KA, DISEIARM T el 2. /45
xRk R FROEW (CDGM) B8 R i 5 A,
b A BREE BC EL A AN [R] B DB 5 4 5 SRR v B
TEA A6 B Ak 8] 100 5 1 €0 227 1

T4 0 22 BT 58 T AS [ BT DL %50 3% 35 44 kL 19 41 &
il o LA T B AE TR A 5] b R €0 500 M 1Y
ZE5E, RGN R U O B BRI . X T
B A BRI A F B, O 025 Sl R i
REEEE (FZ) 54006 (C4) MBS, It
I HR B 1 B (d 4R A5 A ok b TR A
(A=

¢ $1 ¢
v, v .

AV TSR FH 0 3% 55 64 RE AT 43 O T 2K R M B Kb
E"J%ﬂ

D) “kf7 KA SR &a
(fR BT DL %) 451 (H-ZF12, H-ZLAFS9L).

2) "M R RGN R R AL
(BT DUED) FEbE (H-K9L, H-ZPK7).

T K G 2SO A R A T B 3 A A R
AH (L6, L7 &L9, L10) sl EiEs, &
S AE R RO R, A RO TR E I
Ky 22, M) 25 B DE T Bl 25 A R
. BiRmE, 208, KEesEALs,
L77E F4 (486.1nm) Ff1CZk (656.3nm) T Y%
4 B 23 9 R —15.072mm F1-15.924mm, P& 2
54 0.852mm ., i A& £ I RAT 55 IR A Be dl
L9, LIOFE F 4 Ml C 4T n9 45 2 £ 8 43 5 ok
51.681mm F1 49.805mm, 2% H» 1.876mm. X P
MRAEHEI B MR EEE2E, EEES KO
Bk 4 (i H-ZLAFSIL 5 H-K9L) ##t iy
AR B, R R R A B 22 1, RRIETE 4
Je e R R Rl R AT BR AL B A E A

W46 S5 KT e s, BT AR A Sh iR
fEB B, M T — A 421 2 5 450 17 4 ofi 5K
(Merit Function) , PA# 5 H (RMS) G 1% |
PeHn2E . WA VRN IRAL HAR, JEXT 4864~
F MY (0°F 56.8°) 13 A4 3 I K #k 47 AL
AbF

e, KOG g it R L R
23 A B DA K L2 i AE Bk R B A i, R AR
Je /N AT 2 R IEAC . A, RGBT
BB AL, SR EY LT R

=0,¢p=¢ T ¢ (8)



54

FERAS, & T B AR R A A A 7 M1 e 8 A 4 85 Sk 0

3 HBROMm

31 BBRESH
WA BRI R, & e RS
WZEEW R 2, L2dEeRE (5% 4 /A5 5 1)
e By R BN AN 2 3 TR
%2 BILHE RS

BTS2 A/ mm | B /mm | SRR | 0/ mm
(i) Infinity 0.000 37.160
2 37.200 3.000 H—TK9 25.000
3 21.220 3.000 18.500
4(AERkT) 26.240 4.000 |D—LAF50—25| 17.800
5ClEBR ) 9.940 10.035 12.200
6 Infinity 3.000 H—ZPK7 12.000
7 10.740 15.431 8.500
8 19.400 3.800 H—ZF12 7.000
9 —390.000 3.346 7.000
10 9.880 4.000 H—BAK4 4.500
11 —31.500 0.200 4.500
1206/ | Infinity 0.690 2.289
13 —10.660 1.800 H—ZIL.AF89L 2.800
14 10.000 2.400 H—K9L 3.900
15 —9.200 0.200 3.900
16 Infinity 1.400 H—LAKSB 4.500
17 —17.300 0.200 4.500
18 18.270 0.800 | H—ZLAF76 | 5.500
19 7.750 2.800 H—K9L 4.800
20 —32.400 9.900 4.800
& Infinity 6.075

NV RGN R AR RE . AR RGN
FHE s R R (MTFE) . il W2 | @285 E &
SO HEAT T A S AT . MTF J2& PF A0 455 Sk i A g
JIHCEEE bR . AN 2 Fir s, AR FR GEAE 4% 48 W R
% (Nyquist frequency) 70lp/mm &b, 4= 3% 1Y
MTF 35 T 0.5, Hi, $.0ds (0.007)
MTF HHE AT R, a3y (W56.80°)
MTF iR FE7E 0.3 0L b SR ERM, %5k 7
AW 37 90 T P 4 5 6 B X R AR T ) B
RET, W o PR R K

Gy ity 0 A R 52 e K 3 45 Sk AR L AR RS R
MOCHER R . il 3, REGEAEL M E N 1)
BRI /NT 0.08mm, FW RS HA TV 5%
PR, TEREASMGTE F Y RE AR A I g BR . [FIEE
R mmiEmdk (BI3AM) VR, EuKiY

56.8"4k , WRTAZ AR S HIAE 0.800 LN, AR T2
RGBT bR o XUESE T A B 7E S BRI 3 19
) if, B Zh A TR WS, ORAE T RS A LA
TREE .

Lo~
0.8 \\\\
= =
06 S S
.;4\1, S
=04
=
0.2

0 10.0 20.0 30.0 40.Q 50.0 60.0 70.0 80.0 90.0 100.0
25 A48 % /(Ip/mm)

K2 R MTEF h&k K

56.8 RS 56.8)
50.0 i R 50.0 AN

\ I\\

B /mm

IS ) | :
= ft/
|
olll ll] ! pebid bW DL
-0.10 0 0.10 —-0.10 0 0.10
it/ mm W25 /%

B3 RS0 5 AL 2k

S E (Spot Diagram) A ELOU b Sz Bk 28 78
G ERIL RSN . B4R, RGP LM
T (RMS) 248k 2.060pm, 325 35 A7 5 )
B, 7E34.23°83%, RMSF12/NTF LB EEF12.
BE L B K, TRELBREZ WG K, R KM
56.80°4k RMS ¥ 42 4.642um . 4 ih 203 K ik
FINTHIR, AR EELE T, 454 MTF 447
(&M @70lp/mm=>0.5), KHEHRGXTBk2E | #
25 FIMR LSS QAR 2 M EAR AR R4, BAR 55 7

JE il I B 2R
OBI:0.00 (deg) OBJ:56.80 (deg) OBJ:53.75 (deg) [5G 456133
S 2-0.587562
S ® e g 3 ¥-0.656273

IMA:0.000mm IMA:6.060mm IMA:5.420mm

OBJ:49.66(deg) OBJ:43.84 (deg) OBJ:34.23 (deg)

& & ¢

IMA:4.694mm IMA: 3.833mm IMA:2.710mm
F4 ZEMBGEHIE

Sy i — 0 PP A R G TE 4 Ja) )2 T Y €8 22 A 2

ROR, KESH M T ARG WotH B (0.486pm~

0.656pm) N @ 2E ML, MESA I, @it

3 ARk R A

BRIP4 B4R 5/ mm | 7~ (a))  (a,) 7 (ay) 7 (ay,) 0 (as)
4(dExkTH) 1.003674 0 1.412964 <10 ° —3.554071x10 ¢ —7.159548 <10 ! 3.471844x10 ¥
S5(AEERTH ) —0.398572 0 9.992456 <10 ¢ —3.341808x 10 7 7.373403x 101 1.042540% 10 2

389



- - - S W5 52 %%
WeAsEd (L6, L7519, L10) ML mees, & i 1o i v h R 22 RO RURREE AR SCHE AT T RN RS A

Giaefh (0 2215 2 WEME o 4R KA 2T
3.5pm, H 7€ 56.8°#1 & W & &b i — L e sk &=
L.2pm, eREEHIAELRBELIN, ZREW, 25
fE113.6° R M T SE 8 T & A R A 21

T
56.8
50.0

@

&

N

=

\

-5.0 4.0 —3.0 2.0

Kl 5

[/ DO RPNE IR 7R (VST

;
10 0 1.0 20 30 40 50
T2 Mpm

e Bl €, 22 1t 26
14 Ty 1 2

(3 23k CREOGE BERE ) 2 O Ik P A5OA Hh 8™ B I
. BB GAEERA R RN EES IR, — K
M, Ak a2 W TR TS (cos'0)
E T BOA G AR W o AR SCBETE Y AR X PR BT
S5 4 T A A O R B HR A o w, A
fith S0P 37 1) O W 15 25 A O R T 3 G 5 BN
TR, BT — i e B A2 T BRE S0 TR 6 /Y 3R
AN R M s, ARG P LA BN %
WG WV, R KR (56.87) Ab i HIXS
MR 770, A RENAGRA LB HIYY
Ao 45 T IRBE T A AU 2 4R 5 04 1 T 75 3K o

e

0 57 114 17.0 22.7 284 341 39.8 454 51.1 56.8
YI7 R/

K6 F G0 M il 22 1]
NEDW
ik — 20 96 UE %O BTt i AR T S
JEHOZ VAL L2 b 0 = By XUIE BR T A 52 B ] 1 e

3.2

o HiE

2251 H

L ’
P 45 B

MR FURS 6 S TR A KO
RGBT W R AT N
PL 701p/mm &b i) 34 i 4% 3% s B (MTF) 1E2h
A B #E 4T T 1000 WK 5 5 R %

o A I il

(Monte Carlo) #3487, FE5I ARG ERME,

Fd BN ZESBR
2 2ETH Sy B A
HC JEE I /mm +0.05
TR L X/mm +0.03
TR L Y/ mm +0.03
JCAHEA X/ +0.05
JCAF AR Y/ +0.05
R IES +0.001
By LK/ %% +0.8

SRR RE R, FEGH5ENTAE
EMMTMERRES, REEARIFHRER
M. A€ 70lp/mm 75 [FAR T, A 902 MyHEAH 4
M7 B MTF A AT R 47176 0.42 L) |, 80% MIFEA
MTF{E 4 0.45 Dk 1o #ehh, RS (Sensi-
tivity Analysis) R, FGEME B8R 81 32 2R I 5L
R 5 J7 B A S DB 5 RO 1R 25, B LR
BRI (L2) Jf & th BUAE fe BURII AT 51, X 36 W] A
BT I A B 4 )R 43 e R 2 RIS T B A Bk
M2 22 OB . BRI FAs R i, 5IAA 2
JEPEREAEAE — BB i, Hixg R hicm T
PRI 5 1) A B B B ME AR S T A3 O B S B R
FH e i UG BT 0 o
33 MHpEXttE 5o

R TR U b A AR SR 8 R A A1 e AR
Bik R G rERE L F, AR B S - B A A
1oL 4 B S R 37 2 8501 A8 R A 4 Sk R AT T X G
X gt A 5 R .

MRS, WA FRE Lk (40 Kowa,
Computar 55 ) 58 52 IR R WG AE , {5 W 37 £ 5 i
16 100° LN o BATR] Ry 2/3 32 <1 #8 1fj #9 Computar 5%
S, HEEAR BU/NTF 01%, (B MR 94.6°,
HAR% GKK81.5mm, HILZ T, AREi7ESH

RSOV SR BEk BT S HOT L

Bk FEFE/mm F¥ | MEMEFOV/(C) | lmRIAE/% | REEK/mm | iH R/
ESPany 4 2.8 113.6 < 0.8 70 2/3
LM5JCM(Kowa)!? 5 2.8 95.3 <05 56 2/3
WP—2M0420—C(Work Power)!" 4 2.0 97.2 <05 61.13 1/1.8
M0528—MPW 3(Computar)*! 5 2.8 94.6 < 0.1 81.5 2/3
VMO0624MP10(ZLKC)M 6 2.4 68.1 <1.25 54.5 2/3
MVL—HF0628M —6MPE( Hikvision )" 6 2.8 73.49 < 0.2 59 1/1.8
FL—CC0418DX— VG (Ricoh)!?! 4.8 1.8 96.4 — 53 2/3

390



54

TR A, %

ST e 91 ok 1A ) DR R 3 G T 2 A 4 B Sk

113.6" KL 37 1 [a) I, g Wy 22 455 ) 7E 0.8 20 LAY,
W3 78 55 0 B T R 2R p k™ i oAb, 70mm iy
R B R MR TS N B SETE R, i
SER W, ARG AR Y 5 A AR 1 [ B
JE LN 25 G AR e L

4 4 it

A SCHEE T ZEMAX B B3 T — B Y
4.0mm, JCRE F/2.8, Y ME ik 113.6"0M KW
Bk ZARGRM T Zub g = Ak 78
g5k b, BT R 10 Bl A R S B 2R A
AR T AR S KIFEBZ M T E, ik
JRAS AT T SR RS E) FEAR 25 MOE J
TESH R iE s BT m B AR BRI R, 3
BT OROGB ER 2E . B 22 LT AR it AR O
KOERCR ; o 2 5SS L, g oemis e
i Jry 5 e AR A R A, SEI T TE Nk B a2
A, JFAT RCRMEE TR T R B Sk B 30 R IR EE SE U,
TRAE T 2 MEZ S, oAb, ZERRKA
ZEOr AT A RAEW] , % R G A R MRS BN T R
ZAF T I R BB SEAATHE

i bpriR, ABRtE IRk AR 5 R i
SR AHLES S, TR R S AR R AR /Y T AR
T T A TR IR R . S RSB,
A F G A 52 B R 37 7 56 1Y [R) I, s D e
JEAREERITE 0.820 AN . BRITE R K], bk &
GeRe s A o BEAR . m R HE AT S TE A
B ek 7 ] i i — o U1 52 Wl A7 19 O 27 il R 7 5%
R EE
[1] Sun W S, Tien C L., Chen Y H, et al. Ultra-wide angle lens

design with relative illumination analysis[J]. Journal of the Eu-

ropean Optical Society-Rapid Publications, 2016, 11: 16001.
[2] Zhuang Z, Parent J, Roulet P, et al. Freeform wide-angle cam-

era lens enabling mitigable distortion[J]. Applied Optics, 2022,

61(18): 5449—5456.

[3] Yang Q. Design study of a compact ultra-wide-angle high-

spatial-resolution high-spectral-resolution
spectrometer[J]. Optics Express, 2021, 29(2): 2893—2908.

snapshot imaging

[4] Sahin F E, Tanguay A R Jr. Distortion optimization for wide-
angle computational cameras[J]. Optics Express, 2018, 26(5):
5478—5487.

[5] LiCJ, Ling H. Wide-angle, ultra-wideband ISAR imaging of
vehicles and drones[J]. Sensors, 2018, 18(10): 3311.

(6] B, XIHHE, sk K2, & BRI M H oM i ik
B[] R 2R (B2 R, 2022, 68(5): 567—573.
Qian Kai, Liu Changjin, Zhang Tianan, et al. Design of large-
aperture wide-angle day and night confocal monitoring lens[J].
Journal of Wuhan University (Science Edition), 2022, 68(5):
567—573.

(8]

[9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Hu X, Wang X, Liu S, et al. Research on long-distance, wide
field-of-view and large depth-of-field terahertz imaging based
on aspheric lens[J]. Optics and Lasers in Engineering, 2023,
161: 107381.

VBB, A R X Bk R BR T AR B R R T[T, Ot
5 gk, 2021, 58(9): 335—348.

Liu Jinlin, Yu Feihong. Rotationally symmetric aspheric sur-
face representation and its characteristics analysis[J]. Laser &
Optoelectronics Progress, 2021, 58(9): 335—348.

kAR A ) o 2R e S ik 3 B R 2t SR —— AR ER I 2 A
i LT]. 6224, 2023, 43(8): 0822001.

Zhang Xuejun. Advances in advanced manufacturing technol-
ogy for space optical systems: from aspheric to freeform sur-
faces[J]. Acta Optica Sinica, 2023, 43(8): 0822001.

BEERE, BANZE . 5T ZEMAX W8 M B B ik i [T]. i
HOE24, 2016, 37(3): 441—445.

Hou Guozhu, Lv Lijun. Design of ultra-wide-angle photo-
graphic objective based on ZEMAX[J]. Journal of Applied Op-
tics, 2016, 37(3): 441—445.

SR, BN . AR R G R AR BR | AL T 8
Jt4, 2019, 40(5): 863—870.

Zhang Xiao, Lv Lijun. Aspheric optimization design of fisheye
lens optical system[J]. Journal of Applied Optics, 2019, 40
(5): 863—870.

FUKVK, B WY N 2 A AR R e A o IR B Sk 1 T
IR e AUAS | 2022, 44(3): 44—55.

Gao Bingbing, Lv Lijun, Zeng T. Method for optimizing fish-
eye lens using multiple aspheric surfaces[J]. Optical Instru-
ments, 2022, 44(3): 44—55.

Gurtner A, Greer D G, Glassock R, et al. Investigation of fish-
eye lenses for small-UAV aerial photography[J]. IEEE Trans-
actions on Geoscience and Remote Sensing, 2009, 47(3): 709
—721.

JRAkHE, BEOTHC, BB RIT, A RAREER)T A Bk 1ot
[J]. #ot 56 F4 ik, 2013, 50(10): 102302.

Zhang Jiyan, Huang Yuanging, Xiong Feibing, et al. Optical
design of short focal length ultra-wide-angle lens[J]. Laser &.
Optoelectronics Progress, 2013, 50(10): 102302.

ML, B, KRR, S T MR SO B BT, oA
#, 2017, 39(4): 49—53.

Lin Zheng, Xu Miao, Yu Huaen, et al. Design of wide-angle
micro-projection lens[J]. Optical Instruments, 2017, 39(4): 49
—53.

Kowa. LM5JCM Lens[EB/OL]. [2026-04-13]. https://www.
kowa-lenses.com/.

Work Power. WP-2M0420-C Lens Specifications[EB/OL].
[2026-04-11]. http://www.work5power.com/?id=139.
Computar. MPW3 Series M0528-MPW3[EB/OL]. [2026-04-
11]. https://www.computar-global.com/product/mpw3/.
ZLKC. VM0624MP10 Lens[EB/OL]. [2026-04-11]. https://
www.zlkc.com.cn/.

Hikrobot. MVL-HF0628M-6MPE machine vision lens[EB/
OL]. [2026-04-11]. https://www. hikrobotics. com/en/machin-
evision/productdetail/ ?id=4871.

Soda vision. ricoh FL-CC0418DX-VG[EB/OL]. [2026-04-11].
https://www.sodavision.com/product/ricoh-fl-ccO418dx-vg/.

391



