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Compensation of the Non-common Path Aberrations in an Adaptive Optics
System with a Wavefront Processor
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Abstract; Non-Common Path Aberrations (NCPA) often exist in adaptive optics system, due to the
discrepancy between sensing path and imaging path. A method for correcting NCPA was presented,
which is very suitable for wavefront processors in forms of hardware. First, causes of NCPA were
analyzed and NCPA examination with phase diversity was discussed. Then, according to the working
process of wavefront processors, an algorithm which converts NCPA to reference spot shifts of the
wavefront sensor was deduced, and a software module in main controller computer was programmed for
implementing this algorithm. Finally, an experiment with a light source as a target was conducted in the
optical path of a telescope. Experiment results show that energy concentration of the target image is
increased by 17. 6% approximately after NCPA correction with this method. The experiment proves that
this method is capable of NCPA correction for adaptive optics system.
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Fig. 3 Light source imagesfrom NCPA correction
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Fig. 4 Energy distribution of images from NCPA correction

experiments

17. 6 %.

JIANG Wen-han. Adaptive optical technology [ J]. Chinese

Journal of Nature, 2006, 28(1). 7-13.

. [l , 2006, 28(1); 7-13.
JIANG Wen-han, ZHANG Yu-dong, RAO Chang-hui, et al.
Progress on adaptive optics of institute of optics and

electronics, chinese academy of sciences [ J]. Acta Optica
Sinica, 2011, 31(9): 0900106.
[Jl. » 2011, 31(9): 0900106.

ZHAO Xin, MA Cai-wen. Research on nonsmooth heo control
for the adaptive optics system[J]. Acta Photonica Sinica .
2014, 43(9): 0901003.

. Hoo Lyl

, 2014, 43(9) . 0901003.

WU Jiajie, CHEN Jia-bi, XU An-cheng.
measurement based on hartmann-shacke principle [ J]. Acta
Photonica Sinica, 2011, 40(6): 912-915.

Focal length

’ s

[l , 2011, 40(6):
WANG Zong-yang, WANG Bin, WU
Calibration of non-common path static aberrations by using

phase diversity technology[]J]. Acta Optica Sinica, 2012, 32

912-915.

Yuan-hao, et al.



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

(7). 0701007.
L. , 2012, 32(7): 0701007.
WANG Bin, WANG Zong-yang, WU Yuan-hao,

Calibration of no-common path aberration in AO system using

et al.

multi-channel phase-diversity wavefront sensing [ ] ]. Opitcs
and Precision Engineering , 2013, 21(7) . 1683-1692.

, ’ ’

LIl , 2013,
21(7): 1683-1692.
MA Xin-xue, WANG Jian-li, WANG Bin, et al. Phase
diversity for calibrating noncommon path aberrations
ofadaptive optics system under nonideal measurement
environment[ J]. Optik, 2014, 125; 5029-5035.
LI Da-yu, HU Lifa, MU Quan-quan, et al. Wavefront

reconstruction calculation of liquid crystal adaptive optics based
on GPU[J]. Acta Photonica Sinica , 2008, 37(8): 1643-1647.
s s .o GPU
[J]. , 2008, 37(8): 1643-1647.
CHANG Yan, ZHOU Zhi-qiang, LU Yang. et al. Design of
embedded wavefront process and control system[]J]. High
Power Laser and Particle Beams, 2013, 25(S0) . 67-70.
0. , 2013, 25(S0): 67-70.
FAN Zhi-hua, WANG JIANG Wen-han.

Accumulator-based wavefront slope processor for Shack-

Chun-hong,

Hartmann sensors[J]. Opitcs and Precision Engineering .
2011, 19(3): 501-507.

s s

(1. , 2011, 19(3): 501-507.
FAN Zhi-hua, WANG Chun-hong, CHEN

Implementation of the correlating shack-hartmann processor

Lin-hui.

for the point source based on gaussian reference spot[]].
Opto-Electronic Engineering , 2010, 37(6) ;. 42-48.

s s . HS

L. , 2010, 37(6): 42-48.

PENG Xiao-feng, LI Mei, RAO Chang-hui.
correlating hartmann-shack wavefront processor based on
algorithm [ ] 1.
Engineering » 2008, 35(12) . 18-22.

Design of

absolute  difference Opto-Electronic

. . HS
Lyl 5 2008, 35(12): 18-22.
FEI Wei-wei, WANG Chang-qing, LIU Pu-kun, ez al. The

design of large array solar adaptive optics electronic system

[14]

[15]

[16]

(171

[18]

(191

[20]

0511001—5

for observation of low contrast extended object[J]. Journal
of Electronics & Information Technology, 2010, 32(12):
2987-2992.
Ll
, 2010, 32(12) . 2987-2992.
JIA Jian-lu, WANG Jianrli, ZHAO Jin-yu, et al. Adaptive
optical wavefront processor based on FPGA[J]. Opitcs and
Precision Engineering , 2011, 19(8): 1716-1722.
s ) FPGA
[JJ. . 2011, 19(8): 1716-1722.
JIA Jian-lu, WANG Jian-li, ZHAO Jin-yu, et al. Hardware
design for system wavefront

extendible adaptive optics

processor [ J |.  Chinese Journal of Liquid Crystal and
Displays, 2011, 26(3): 370-373.
LI . 2011, 26(3): 370~

373.
JIA Jian-lu, WANG Jian-li, ZHAO Jin-yu, 961~
element adaptive optical wavefront processor[ J]. Opitcs and
Precision Engineering , 2013, 21(6): 1387-1393.

s s , . 961

[Jl. , 2013, 21(6) . 1387-1393.
JIA  Jian-lu, WANG ZHAO
Optimization of adaptive optical wavefront algorithm [ ] ].
Opites and Precision Engineering , 2013, 21(4) . 1026-1031.

et al.

Jian-li, Jinmyu, et al.

’ ’ ’

[Jl. , 2013, 21(4) . 1026-1031.
ZHAO Yufei, WANG Jian-li, JIA Jian-lu, Fault
diagnostic system for adaptive optical wavefront processor
[I]. Electronics Optics & Control, 2014, 21(4); 69-72.

et al.

’ ’ ’

[JJ. . 2014, 21(4): 69-72.
LI Xin-yang., JIANG Wen-han.

reconstruction

Comparing between zonal

algorithms and modal reconstruction
algorithms in adaptive optics system[ C]. SPIE, 2002, 4825.
121-130.

WANG Liang, CHEN Tao, LIU Xin-yue,

algorithm of Zernike mode and its application in adaptive

et al. Fast

optics [ J 1. Journal of Electronic Measurement and
Instrumentation, 2014, 28(11) . 1282-1287.
s , , . Zernike
[Jl. , 2014, 28(11) .

1282-1287.



