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Efficiency of Direct Wavefront Deconvolution Based on Subaperture Wavefront Splicing
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Abstract: To improve the efficiency of target image processing under the aero-optical effect, the wavefront
reconstruction method using aperture wavefront splicing is proposed. This paper analyzes the effect of direct
wavefront deconvolution based on wave surface splicing, and compares the difference of operation efficiency between
subaperture wavefront splicing and the Zernike model method. The simulation results show that the subaperture
wavefront splicing method has the excellent wavefront recovery ability, and its algorithm complexity is much lower
than that of the Zernike model method. Furthermore, the direct wavefront deconvolution based on subaperture
wavefront splicing can effectively improve the Strel ratio of the point source image. Therefore, this method can be
applied in the infrared seeker of the hypersonic vehicle to suppress the influence of aerodynamic optical phase
distortion and to enhance the performance of target detection, recognition and tracking.
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Fig. 1 Defocus wavefront spliced by planes on subapertures
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Fig. 2 Wavefront splicing for high order aberrations and corresponding effect of direct wavefront deconvolution
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Fig. 3 Effect of direct wavefront deconvolution

(=)

(=]

including high order aberrations

XL E 101 B e s 2 I ny m B &2 G R 25 R
F 24X} 24 FALARIEAT D PR  DREE L B P AR R
AR AQ ARG 2 W IR AE . & R 0% T 37 R
B (RMS) BUE 7E 0. 0224 ~0. 712 WG E N, R )5 M
PRI T HE AT B A A . T RMS KR,
i A5 FRAL RS B 0 J AR 51 K AT 208 20 £ LA L
T AEARAZ 22 3 (RMS<C0. 054 B 45 51 R L #2308 T
1) il 25 BN Rl AT ol 45 7 L 332 i 45 AR s B A B
SR AR,

B RN TE SR A BT I T RE 81 UK L 4
SRR S B B TR . A SO SR P 1A
T AT, 5 A% GE AR A E L KRR /N T s B

BAZR 1A M XM R Z B FRE S 5% i J&%
#LEIN N XN AFALE, T4 FIRIR R HE
P =M/N, W:R 35 3T s A
L35 -

D PR LIHE

i) RIS 2 = /= W o I 8- iyl 517 1 N < R 1)
P X P RIHE . 2P X P IRINER 1 IRBRE, % E
FFFLARBECH N XN, T E 2.y X 2 S
AR R E SE E A 2 M IR L AM® RNk
F2N® KR

2) e v REOTA

B 5 BT 5 7R 0 % TR S B B K, T
KT EFHE D WA K X 2N*, #3005

G MYEECH 2N X1, PRIGSR A I 1T 9 75 )8 38 R 8K
)iz F B 2K N WRIEM 2KN* ik,

3) e B =k i A

B BT BRI IAT R R B Q X Q. FAE
R 2 WA 14 Q X Q MMM, MR =X (1),
i Ris B KQ® LM KQ* mik,

U TH DF RS 5 R SR A L BT 2 SRR Y
B IRl b R ATTIC IR I EU R I W7 RN LRSS U
B A RN A R T LA R i A B RN B v P i
AR, X — BT il W is 55 3 B 2R T L AR D
THT 114 3 3o R DR B2 2o i v A 208 I8k 1T B8 462 P 75 14 ik
i AP TR Ry Q. L AR I AR Bl Y 38 55
HON 2Q7 AWM Q7 Nk, A% A P 4 Y is
BREMNAE QF Wik,

FESC PR RTER I R G rh, FALAEEE N /N T
AR R 3 B Q, X F & A = By il 43 14 22
115 FFLAR I 1 DF 4 BT 75 1 3fe vk Fin 2 iz 53 24
BEIER 2/ K, AR RERF T8l 65 Ik i e 2 Y
PRI T AL R, B0 TR Bl O A AN AR IE A S
B

3 HRIE

N it DR BN 2 AR AT R R Y T, 2 T
— ol Rl S T R L R A A L AR P
Beo YT LA S 0] 43 B R T T A 1) AR 2
e it I BT E A 1R 22 RMS {5 /0 T IR 46 9% 11 RMS #Y
1/10, ) FH DFE2 ik v 44 2 o5 180 R B8O D 4G Dk T T
AR RSB IR HE AT L 42 U0 i A 45 FRLA 3B L B AR R 42 v
PR 785 B T A RS B A% 6 BRE ) T R 8 R L. I8k 1 P
e IR e SR 5 = W1 ) P s e 2
L S8 2 RN W AR AR ) bR A O Ak B v
Bl 58 S B RN R IE Y SR M L T N R
BT 1 I Bl 27 500 W A PRGOS IE 3 A 35 K o
(1) A5 B0 PR B A R i 3 RIS BT . RO ISR
T BERAIR R S B0k B0 WA i 36 R B3 1 Pk
J5 38 s iE— 20 1 8 A B0 6 2 LN W AR TSR IE 1 3R
(&

25 ik

L1] Rtptk, B, PR, S5, 3 BT A e 3k 8
UG AR RS O SE T]. WEAER . 2013, 62
(8): 267-274.

[2] shkh, SERIE, WHiar, & Besd st ed



536 4% 2019 4B 1 19 #

i 55 BT 7 FLAR I 1D R A L U T A RO 95

[3]

[4]

[5]

L6]

L7]

[8]

[9]

HAEE 8O L)1 Jes A, 2010, 36(4):
622-626.

AGUIRRE R, NATHMAN J, GARCIA P, et al.
Turbulent refractive fluid interfaces and aero-optical
wavefront distortions: experiments and computations
[C]//43rd AIAA Aerospace Sciences Meeting and
Exhibit. 2005:78-81.

AGUIRRE R, NATHMAN J, GARCIA P, et al
Imaging of turbulent refractive interfaces and optical
wavefronts in aero-optics[ C]//36th AIAA Plasmady-
namics and Lasers Conference. Toronto, Ontario,
Canada. 2005:51-55.

TRHR AR, T 85 AT Ah AR R S X Bl G A RO
PRI F R A5 HOE TR, 1998, 2 (1)
42-43.

SR - B o3 L Y G s | A R ES S o W o
2003.

ZHE. gt LML dtat: BB Tl Ak,
2006.

ABADO S, GORDEYEV S, JUMPER E. Adaptive-
optic system requirements to mitigate aero-optical ab-
errations as a function of viewing angle[ J]. Optical
Engineering, 2014, 53(10): 103.

WCRE, kg, wE LA K A S AL E B
FEERELT]. WOt 5ot For st g, 2014, 51(9): 5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

22.

T bR, Syt A, R, A BT BOS IR

O 5 Ui 3 4% i RN B AG R A% A58 I T ik RS [T . 404

5Ok T, 2018,47(4) :206-213.

BRENNAN T, WITTICH D. Statistical analysis of

airborne aero-optical laboratory optical wavefront

measurements [ J ], Optical Engineering, 2013, 52

(7): 071416.

GAO Q, JIANG Z, YI S. Modeling the temporal

evolution of an aero-optical aberration with the mini-

mum description length principle[ J]. Optic Letter,

2014, 39(11): 3126-3129.

WESORE. A e i AR P w U & K A 7 iDL K

U [ B FR 22 R I, 2007,

KR BEICE ST A E ROV AR R T

EEM A ML A E R BOR K% R A

2014.

Be MR, TRaE4E, 0D, I T A RS E v P AT R

R A B B N SER LT SR, 2002, 22

(7): 789-793.

Z3CU. ARG BRI A SR A, 2006, 28

(1. 7-13.

FE R 3B T 5 AR M 3 NG 2 AR R R A B R

WFFELD]. B . b FEARRE B ot i £ AR BEFE BT . 2009,
Ok U4 8. L3R4



