. hEASEER
Eh: PEMNSRKELSHENKSDERRE
ESCI/Scopus s BEAAMNEEARGERAT

6P 32 2 @ &) T PEYBELERS S
o FEEEREFHUBEERSS
T8, NER

X PHH o 22 /A S 62 iR e L AT
ZOUNS, SKERE, B, K

FIUHASE:

HEEMG, SRRAE, PR, 4. RIHH o 25 [0 B BE R L) ). WS 5 7R, 2020, 35(8): 845-851.

CAI Zhi-peng, ZHANG Xing—xiang, CHEN Zhe, et al. Signal to noise ratio analysis of solar H @ space telescope[J]. Chinese Journal
of Liquid Crystals and Displays, 2020, 35(8): 845-851.

TELR AL View online: https://doi.org/10.37188/YJYXS20203508.0845

LT ARG H A SCEE

Articles you may be interested in

FET ZCPURI A A 385 WG P T AL BE &%
Liquid crystal adaptive optics wavefront processor based on multi—-GPU

W5 iR, 2016, 31(5): 491-496  https://doi.org/10.3788/YTYXS20163105.0491
VR 1 38 N G AR RS iR g 2

Prospect of liquid crystal adaptive optics in astronomy application

W5 7. 2015, 30(1): 1=9  https://doi.org/10.3788/YTYXS20153001.0001
ER A CCD 2 F ) smearPl G P T 57 EEF 5T

Fast Smear effect removal algorithm of CCD drift—scan star image

T 5 iR, 2016, 31(3): 310-316  https://doi.org/10.3788/YTYXS20163103.0310
25 ]I ST A A P RE L T A R 52

Ground testing system for detecting optical performance of space remote sensing spectrometer

W5 7. 2017, 32(3): 206-212  https://doi.org/10.3788/YTYXS20173203.0206
FE TR 2 (DGR 28 0 2B A5 2RO R BRI 5

Laser beam expanding technology based on liquid crystal spatial light modulator
W5 iR, 2018, 33(9): 764-771  https://doi.org/10.3788/YJYXS20183309.0764


http://www.yjyxs.com
http://www.yjyxs.com
http://www.yjyxs.com
http://www.yjyxs.com/CN/10.37188/YJYXS20203508.0845
http://www.yjyxs.com/CN/10.3788/YJYXS20163105.0491
http://www.yjyxs.com/CN/10.3788/YJYXS20153001.0001
http://www.yjyxs.com/CN/10.3788/YJYXS20163103.0310
http://www.yjyxs.com/CN/10.3788/YJYXS20173203.0206
http://www.yjyxs.com/CN/10.3788/YJYXS20183309.0764

CRECECIE R R I GRESRTAZN Vol35 No.8
2020 4E 8 A Chinese Journal of Liquid Crystals and Displays Aug. 2020

X EHS:1007-2780(2020)08-0845-07
APH Hoa T EIRIZEFESEREE 5

AAB, KER", K ¥, 2ER'
(LEEHSE K& EEHEIRS HEFAF . 54 K& 13003324 B2 5 A %L 100049)

FEE K Ho % B L 52 E bR B R SE B4 Bl He 5 AR (L35 He 200 MIZ3E 3 47 BO By 2 (R0 22028 55, %
KIEYHAFRAE E L XL 50 LR 2 &P 025 8] 20 5% 1R BT & 0 T AR A e T 00 T B2 98 A, DX G4 MR LL 3 3
AT XS R B Hoo %3 18] 2837 458 04 BAF 1) A0 FH OG22, AR SCAAK B Ho % [A] 5RO B8 4R 330 FI BB St 4% 80 19 A 0 R, 2
ST AEME LG SRR T TR MR LA, AR RCEER TS R b DL BRG] X)L 45 T B TR R A
BICHUZ T A FFAE BT BEG IS ) 43 5020 5 ms Al 10 ms, SEIRSE R RN THEE RN (3R 22 7E 106 LA, dy AT RUSR TE
A MR LU T B Y A A R S R

X # W:ERPZH; KM He g5k

FE 4% S . TP394.1; TH691.9 XERFRIRAG A doi:10.37188/YJYXS20203508.0845

Signal to noise ratio analysis of solar Ha space telescope
CAI Zhi-peng'?, ZHANG Xing-xiang'* , CHEN Zhe', BI Guo-ling'

(1. Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033, China ;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The solar Ha space telescope is the first space observation telescope to realize the full-surface Ha
monochromatic image in the world (including the three bands of Ha core and wire wing), which is of great
significance for solar physics research. The signal-to-noise ratio (SNR) is an important index for quantitative
evaluation of imaging quality and working stability of space telescope, so it is very important to calculate and
estimate SNR for the development and use of solar Ha space telescope. The calculation model of the signal-to-
noise ratio is established and the formula is derived according to the principle of the solar Ha space telescope
and the way of energy transfer. On this basis, the interval of the signal-to-noise ratio and the exposure time is
calculated, and the exposure time of the single pixel in the best working condition is 5 ms, and the exposure

time of the pixel combination is 10 ms. It has been experimentally verified that the calculated and measured
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values are within one percent of the error. This can verify the accuracy and practicability of the signal-to-noise

ratio calculation model.

Key words: space telescope; solar Ha imaging; signal to noise ratio
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Fig.1 Structure of solar Ha space telescope
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Fig.2 Structure of detector

22 EEAWMERITE

FE TR AT N BB AL 36 1 AR AT AR S AN 5
RGEW TAERBME 3 ran. KIEBIEN E,
QOB RIS S, () ELTE S, (V) EiE



%8l

MG L 45 KB Ha 23 8] 2 e 55 15 e L 40 Bt 847

p1(A)=E, (A) XS, (A) . (D

PN S

S,

‘

%

S
KUALE ‘CMOS‘

&3 AHALTAE 5 B 5
Fig.3 Working principle of camera

HFERG BB LR« AR KN S,
ZEME AN Sy & . A S, M S, HEH
53 S BYOG AT LA i B Ik PRI 8% . R4 KR
TR BB AR BE G A2, R S, Bk 4% 58 52 A
R BRAG BE EA% 1 3fe B, e B AT LA 5 9 ' 3 1 oy
@2 () MR RGEREE BOL B OC R A

S,
soz(A)=sol(A)><ro(A)><S—j3. (2

28 3 B A E A BRI 5 AR IR & i T & 45
THE B 1 TED G M A AR S S B B Gk R T, B
CMOS F1fif , Be B B A 38 &2 (1) . B HTE
N IR R MG B o, A
e(A)=¢, (A) Xty » (€D
H 3 3 e 4 E A B ERIN 2% I 28k S i 1
AR 3 K278 CMOS E i 43 B ik 4%
(9 D6 BREAR I BT B i K AR CMOS T % 1 Bk 4%
JERE AN S OO, Bk CMOS & 1 ¢ 1 5%,
{H R P 4 AR 25 — 5 I SR BRI 0 . AT LUAE 3R
HRR A AT RR B0 R0 H SR SR HICBRE Y T AR D)
AR CMOS [ EREIRE E Q) -

A
E(A):gg—A;, o))

H (D) ~ (a5,
S (A)Si707,Sys
( )ssz E, .
K Ho 25 6] BT 55 CMOS #5088 | —4
GoT B 1 BE 5w IR R o i BURITER S
BF ] iy ofe B, KOBH RERE 28 5 R 4 A% 3k B A #)
CMOS E=AERESHFE S, ATRR A,

E@a)= 5)

Se=}%[H‘ME(A)Adtimr;(A)dA] . (6)
X EQ) MEmEGIEEEE A, by CMOS 1%
TCHYTE R s £ A AHBLEYBESEET R, p(A) D
BRI E TR, h =6.63X10 % ] - s FIEBATH

B.oe=3X10"m s ' HESPTHLHE, #T
CMOS R 8% — AR T i 4 1Y 638 98 B2 AR 4%, AT
Ph £ (6O T LS y
CEMAgwn(A)AA
hc ’

Sc

23 BESWRITE
FERPH He 25 [ SR04 vh 25 0 e 75 253y
PRI A8 F2 OB 9 S 1 00 EBOR M R 0 4 A B
M 7R, T 2 4 HR S 7 T 2R A T M S AT
H AR R B 8 56 10 7 e 7 2 4R R Ok 7
PR HORE MRS L SRR ORI B ALRR M R T
BEAIL M 7, o 7 B 00 A Y AN o AR 3R AT
os (A) Frm HARY CR PR 48 55 5ok e s, W4
os(A)=+/Ns(A) . (8)
Kb, N QO J& B b8 577 A4 0906 7 5, il
THE G LT, R & Rt ek b A BE AL 7, DY o
Ns QO AT PLRRHEM 2 CMOS B {55 . B4
AOLHUR T A L TR S, .
TR 28 M 75 2 K BH Hoe 2% 8] 223 5 o R Al 56
B (R MRS RN 2 L MR S S A3 Dy BT[] PR R
23 (] M 75, (F 2 255 () M 75 0] DLAE 3 3 19 (] B 5
L UEATRCOE L T B N 2R G A5 M HE B R
L 7E 3 BLRATT KA E 0 i £ CMOS (1) 5] (7]
WEFE . CMOS B [|) W2 P A 45 5 B8 R R HICRE 18
PO VL Y E [ TR ORI F A R
FE U AT B A M 7 2 A B2 [R) A A ST Y
J FLRRM 28 2 e 75 25 BR A, 0 T LA B R S8 A
MR o S22 MR Ry 22 (A LA I .
o=vol+oi +a’ (9
2, I F O R R R B R S A B 6y B o,
T, 5T M A R an & 4 P .
[~ ]

LY

7

| KB |.=>| W |n{;=%>| CMOS |£| o, |

LY

]

B4 {55 KR 2

Fig.4 Composition of signal and noise

24 FERETE
G55 VL X R G MR o A, DL S IR
LR REPLEE A O BRI B AR R T B A R OE T



848 W5 B

35 %

ARIC BB M 4% CMOS B — A% o B R 5
B M b SNR 1] DL DG HL Rk .
SNR =S.//6. 2+, +0.*

=S.//Sc+Ny+o.” (10)
AR, N 2 R R P T 6F L ) H 2

3 KM Ho FAZixsreg15mk it A

KM Ho =B BIEHERTSHME 1
Fi7s

x1 REBH

Tab.1 System parameters
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Tab.3 Signal to noise ratio calculation dB
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Fig.5 Relationship between the signal-to-noise ratio

and exposure time in the case of single pixel
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Tab.5 Experimental results and calculated values

ST A A B/ I3
(Jeem ? enm ' es ') (LK)

fRMelL  R2E/
G %

1.43X10°" 109.6 108.66  0.858
7.4X107° 78.7 78.16 0.686
3.5X10° 54.1 53.786  0.580

THEEEE 2R 5 0 25 R AR A [R] L R 2EAE 10
DAV o PR T DU UE £ M LE o 545 70 £ v 41

5 % i

-

BEXTRBH Ha 3% 2k, 255 15 bR b st 4
HHI Ho B0 4R CRLAE Ha 200 FIZEEE 3 4



850

W5 B % 35 %

P B By 23 DU BRI B2 R L MR &% CMOS 2 T BRG] 5 ms, BoT& I 5 B0 T BROGHEE 4 10
B RE IR B (0 A BE A R LS TR Ho %5 ms. 03 SEE S TE 117 M LU T+ 3450 R 0 o 1 1
) Bt B 5 e LU TSR . 25 i T BGOTREE TR R ISR A R P A RIR ZE A 1L T
BT A IR 3 gk 2k D 1Y B L I ) X ] P He 23 8] B3 55 473 4k 7 0F il B B L B3+ 4% T
FHoE TIEH R E TARMBESGI 8] AR OT B0 2021 4R RG] .

=

=z

(1]

[2]

[3]

[4]

[5]

(6]

[8]

L9]

[10]

[11]

(12]

[13]

% X #k:

R A TR S Ho 2 H KB EMR 205 Qe iy BRI ] R AT 2 5 3 AR, 2014,11(2) - 134-139.
ZHU H B, YANG Y F, DENG H, ez al. Removal of cloud extinction for Ha full-disk solar images [ J]. Astronom-
ical Research & Technology, 2014, 11(2): 134-139. (in Chinese)
ZHARKOVA V V, IPSON S S, ZHARKOV S1, et al. A full-disk image standardisation of the synoptic solar ob-
servations at the Meudon Observatory [J]. Solar Physics, 2003, 214(1): 89-105.
FEE. H= T FON, F IETIRD SN He £ H iR B ER TR L] R X R, 2013,54(4);
392-400.
LUO L S, YANG Y F, JIK F et al. The quality assessment of Ha full disk solar image based on limb darkening
profile [J]. Acta Astronomica Sinica s 2013, 54(4): 392-400. (in Chinese)
F — i 3B FR AR R MR LB U5 1 R R BRI [T R B K, 2016,40(6) :37-43,57.
LUO Y H, LIU Y Y, CHEN K. Computing methods and principles of detective SNR [J]. Audio Engineering ,
2016, 40(6): 37-43, 57. (in Chinese)
FNE B ATAF L R F RS ERE G CMOS MPLET SRR [k dh 5 27 .2017.32(3) :240-248.
SUN H H, HE S W, WU P, et al. Design and imaging analysis of high dynamics scientific CMOS camera [J].
Chinese Journal of Liquid Crystals and Displays» 2017, 32(3): 240-248. (in Chinese)
BB e IR & RGO UE e L T[T, & F R, 2000, 4(3) :194-196.
JIN X Z, XIANG Y, YU C X. Analysis for signal-to-noise ratio of imaging fourier transform spectrometer [J].
Journal of Remote Sensing ,» 2000, 4(3): 194-196.
BOR A, TR, FAR W, IR DR O6 G AUE R T RS T[T, ok % £ 5 k% 9 A1, 2010.30(6)
1697-1701.
XUE Q S, WANG SR, LIF T, et al. Analysis and experimental validation of sgnal-to-noise for limb imaging sec-
trometer [J]. Spectroscopy and Spectral Analysis, 2010, 30(6): 1697-1701. (in Chinese)
ZF L H B W RS F.CMOS 5L B I 18] kW 75 5 4 S FERE AT e () ). 6 5 5ok & 3 K, 2013, 11(1)
86-90.
GONG X Y. HUANG S J. QU R S, et al. Time domain noise analysis of CMOS image sensor and its application
[J]. Optics & Oproelectronic Technology s 2013, 11(1): 86-90. (in Chinese)
EI GAMAL A, ELTOUKHY H. CMOS image sensors [J]. IEEE Circuits and Devices Magazine , 2005, 21(3) ;
6-20.
PHILIPP R M, ORR D, GRUEV V, et al. Linear current-mode active pixel sensor [J]. IEEE Journal of Solid-
State Circuits, 2007, 42(11); 2482-2491.
KA FMEH XA FET CMOS B AL IR 1 RO R R R L5245, 2018,39(7) . 1-7.
ZHANG Y T, SUN D X, LIU Y N. Study of SNR of low light level imaging system based on CMOS image sensor
[J]. Infrared ., 2018, 39(7): 1-7. (in Chinese)
%, 58 R.CMOS EHUR G BREFE M K& Bob i ML) ] AL R £ = 5 i &, 2008,29(2) :42-47.
WANG J, LI G H. The application of CMOS image sensor in space remote sensing [J]. Spacecra ft Recovery &
Remote Sensing ,» 2008, 29(2): 42-47. (in Chinese).
FwE S A L RS B R gD R 22 AT KB R R R AR ()] e F A TR, 1997,5(1)
133-141.



558 BEMG L 45 R P Ha =5 () B2 37 553 4% 8 L 43 B 851

WU X B, AN W D, YANG G. Error analysing and approaches of improving measureing precision in image meas-
uring system [J]. Optics and Precision Engineering , 1997, 5(1): 133-141. (in Chinese)

1E& @

WERE Q977 —). B~ KHE AL
+ . WF5E 51 . 2006 4FF b B AL B K &
6 2R B AL 5 4 BB 5 BT AR A 1L
DA A R g G ol R NN
B 5 PR PR AR IR 5 Ak B
AT HEHIBFSFE . E-mail:jan_zxx@163.

com

EAEME (1993 —) & HAA T8 ALl
'y HFTEAE, 2017 AF T AR JE T K57 3R
- gaE e, EE NFE SAR il 5L at
A 2 Ak A 4 O A4 AR D5 T Y BIF
%% . E-mail:1021285050@ qq.com




