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Simulation of Spectral Response Function based on Huygens Point
Spread Function
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Abstract: As acquiring spectral response function by experimental method is always time limited and with
a complicate process, a simulation of spectral response function and spectral resolution based on huygens
point spread function was suggested. Taking into account the effects of optical aberration and diffraction,
the fine spectral response function curves and spectral resolution at any nominal wavelength of the full
spectral range can be calculated as early as in the design phase. A grating spectrograph with a spectral
range from 1 000 nm to 2 500 nm was proposed for illustrating the simulation process. With a geometrical
ray tracing method as a comparison, the spectrograph’s spectral response function at single wavelength
and full spectral range are simulated by huygens point spread function method. The results demonstrate
that the full width at half maximum of spectral response function acquired by huygens point spread
function method is greater than the result of geometrical ray tracing method at any wavelength. The
relative deviation changes from 2% to 5% for the full spectral range. Both optical aberration and
diffraction affect the result of huygens point spread function method. At last, the comparison of spectral
response function curves acquired by the two methods is shown with logarithmic scale for the y-axis. The
results show that the effect of diffraction is dominant when relative response between 10 *and 10~° and

can be neglected below 10 7. The uncertainty of the simulated process for the spectrograph with a 10nm
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spectral resolution is 0. 025 nm.
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Table 1 Parameters of the designed spectrograph

Surface Radius/mm Thickness/mm  Tilt about X/(%)

1 = 102. 00 8.00
2 —100. 73 —47.80 0

3 —52.47 50. 10 —26.46
1 —100.73 —98.05 0.74
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Fig. 1 Optical layout of grating spectrograph
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Fig. 2 RMS spot radius versus wavelength of
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Fig. 3 Monochromatic images by full aperture ray tracing
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Fig.4 Intensity distribution of monochromatic images in

dispersion direction

2.2 SRF H&{HHE

W I A 1) e 4 1) A5 oR RO B =X (D i AT i — 2B 3t
B 0 45 R FE AT A b W I S A5 200 0 AL B Ok
T 0 17 R R 15 O R E A GRS AAE 1 000 nm i #
12 500 nm 3 #4635 iR N7 R B R A A
T A1 A J 3 031) 2 78 A AR R LA B 5 TR R AR B L H R
WA AR ARG S 43R T 1 000 nm 1Y #h 8, 45 5 9 it
T2 500 nm A i £k A AL b F A ] A7 AR B G =
K 2 T G G 2R Y A8 B I B — — X 3 8L Bk 22 A
PE] 6, A B e ST 3ok 2 7 A 1 40 R 25 TE 2O YE L
P 0.000 4 nm, Xf 73 # S BF- 7 Az 1) 5 i JL-F- ] LA
R . — JBCE 0 X S0 Hh ol T v S0 UL I 0 e £ R O R
IR 3¢ A i S T RTINS 8 S (Sl 3 I L T
1000 nm o ¥ Kb S 1% i 13 R 04 I 5 = AR eR KL, T i
TGOV B L TE 2 500 nm &b S % iR R %5 0] B
- e B T = A R RS B R B )L AR AR
FH s 40 G 1 07 5 3R AS 0 K K FWHM H 25 7= 4
BRI i 22+ I LA AS SCAdE Y o0 125 0 550 ok 80 0
KL S FIFE 1 000 nm 2 500 nmfi 8 4k oL 3K 4 51
A1 000,05 nm I 2 499. 95 nm, fl {75 FRFR I KA %
INE I 3K S O o R GE AR T Fe X R B e AR S5 5 i T
iy 22 BAB /NN o % 58 B 235 R 52 e vl LA 22 W fdi R AR O3 vk
THE G35 i N bR ) FWHM B, A 43 751 000 nm il
2 500 nmAb , ZOEM G I ALE %A 9E 43 %14 10. 01 nm
110, 45 nm, — I G i 1 ok E 8 98 55 T O
Gy RN A] DL PR A O Ay R AR TR
F3Ah TR 2E RAT S AR R BUE AR I g2 1R oo AL
Ab S B BRI B RE it A B I A% 45 0 58 e R
TR 43 e 2 Y& A6 T AR SBER DU 2845 oC b, DAt P o
FIAY R X6F W] 7 14 WA 4 050 A 3K 3 1. I I8 1 o A A 5
e Jin A s A 25 F — 20 TR B 55 2 AR I ) R 3 R 2%
ot 2 B U B AR AR AR I O AR BRI R PR O3 RE
T EOLIE T 5T Y.

K5 ARFRM K W B SRF # 4
Fig. 5 SRF curves of nominal wavelengths

0.0004

0.002

-0.0002

Residual of fitting process/nm
(=)
n

-0.0004

1000 1400 1800
Wavelength/nm

H6 AirmagdBRyiienz
Fig. 6 Residual of the fitting process generated by

2200 2600

coordinate mapping

2.3 2iERAIESBEMRE

RS S DG L (0P R T S0 T eR R R
T3 5 B A I B i Ol 3 o 1 eR K, T R kR H
FWHM. i #3563 73 B R BE U A< 1228 4 ¢ R A& 7. 18
H SR T R T O S T AR RO LAY O 3 2 B R 2 b
A TUAR] G 4238 38 05 L (8 D63 3 B3 LA e — 35 14 AR X
iy 22 Wi 1 A8 A A il 2. Hrb, S 2kG6 8 vk iy BT
TERR PRI AL B 3T 2 2] 2 B 10T ANl 4, 3 4>
KB IE 3000 Z002k . ZJ5 i 101 AN K A 42 38 3
273 ) 0F [ R A RO R B AL B A 1 4 0 45 5 G R
B AT B AT BRI B 7R AR T 4% 45 T Y W
IR K TR % v 107 B IR AR A G 2R 2 i it 2k 45 B AR
PR AL 1) D' T3 ) 7 R K5 i 22 it 2 2 R T S Ml
BRI B TL AR S 2 38 38 0 1 1Y 56 3% 43 B 258 10 248 %o g 22
HTHEPHEZ . mE AR, BT T AT SO R
S, KR T S T R R BT LAY o P R U
TERP B R T ILM LB il 45 8. — F 22 v T
2% ~5 KB T S5 2 $E4T I T WL R 8
145 R ILF 58 245 G a5 8 1l RMS 2 42 1 22 £k fa 4, i
BT B A R OB L 3 o B R e 2 5

1030002- 4



TR0 2 T2 A« T R I PR K300 O T ) S PR 7

137 595 A IRt £ A ) A 32 I O+ 8 g K.
7 55 A B a2 S ] 0 2 o 5 T S S0 A e A
B 1 o B A< A Ak il 2k Bl AT 5 TR RMES 248 HoA —
SE T B A 728 A+ FL 2o i 22 il 4l s AR A/ 1 H 3z
822 R (1 LA DG 208 508 3 1 A8 Ak . T % 7 12 A 4L
B B A R A O RN A5 AR 22 S R AR T B 45 2R L L
JLAMT e 438 78 J5 k3 HLAT .

10.5 -
—m— By ray tracing .
10.4 | —e— By Huygens PSF o =
= —4—Relative deviation e
£ 103 & ® ¥
] o s
£ 102 o Bt
= o« A7 TN 8
2 o . =
3 10.1 e & A [
= o« A 3
g 10.0 = A A Ve Z
k3] /A/A | =
2 99 A / o)
©v 7 A e = o &~
| R N
08 —m n
0.7
1000 1400 1800 2200 2600

Wavelength/nm
B 7 B RS Bk ROt 8 Rk N G B R
B = % Ad 3w %2
Fig. 7 Plots of spectral resolutions by Huygens PSF and ray

tracing method and their relative deviation

2.4 SRF Bkttt

W 35 T HT A SRR D B AT B A O T i )RR
B LT HR A s Ry G\ A A 3 7 AR X e . DR R Ol 3%
M 7 R 50 9 G 114 3B K 28 A A R A A L 3R A 1 It 46
WNIEL 8, [ Hh JLART Ol 238 38 3R A5 19 6 335 el 1 e £ A
Xof b Ak e L el L RT DL R BE S 10 B 1 AR X6
JE B AS AR BR AR T H T A D' 35 e R RS # R L P
A YR IR R AR 102 B L LR ' 48 30 5 3 A5 1 %
T ] 57 PR T T R SR O, 1T SR T ERE i a5 P R A
B4 15 I 07 R 5D BT 2 AL T i R LR 4 A ) S A, EL
B D A i W gl B AL 5 IR AR, LA
LA I T AR AT 10 06 15 me N eR BSOS 32 ik K 3 i 52
M) 5 AN [7) 98 4 A 40 3 L F- A )L % i 7 T 307 i
TR R B K LA DG 238 300 3R AT 1 G 3% i [0 R R A
A AT RS AT 54 1 000 nm £ 2 500 nm [ % 1% 3
PN T B A G R 25 DK 0. 15 6 3 m B 0. 34 %, AiF
S5 52 MR K. A AR X R RN T 10 B BT R OGS
M) 37 R 50 P9 S 1] A At 9 SRS L 2 f5 T G JR SRS Ry 0. AT
D ATT SR 2000 % S 3 v 17 bR R 5 I e/ B 107 o
P, BB g ok, 5 RS R AR, SOk 4]
T S0 Ty VR AR AT B T e N R B, R T % I B AR AL
TERE T 5 BEAIR T 107 B P 0 BT A A8 ] A e, T
HG 3 R I eR R R G e B R BSOS L R
AR TR B AR EAE 107 DL B SRR,
5B 55 RAT B B

10° -
Ww‘%
o & Y

1 0*2 "%

2
2 ;
=3
o » f
5 100 £ i - k
2 o+ "f—u—IOOOnm by Huygens PSF]
B E " H-<-1000nm by ray tracing | 7R
E‘ 103 —-1800nm by Huygens PSE
T —1800nm by ray tracing g
10°¢ -42500nm by Huygens PSF
107 r —+—25|00nm b): ray traci‘ng
-18 12 -6 0 6 12 18

Difference of wavelength/nm
H8 HLHUMNBXRFIWEESR AT @B A LB
T F Y e R 2
Fig. 8 SRFs acquired by Huygens PSF and ray tracing

method with logarithmic scale for the y-axis

2.5 fiEEHEMIT

A T B BB A 5 07 s 4 ) R R
T I 0 A Jr A8 /AN DX TR A7 A 57 5 B AR AT O % W) 7 e
B AR 2R 45 R AR B ARG A i Y B O %
G35 EL R P A B R B B R YR T2 S R A A
e 55 AR AR W SRS S e X TSR AR A R L S HP R OR B 1] B
9 0.25 pm, BRAE TEE N 50 pm, 78 B HLM SR AR 3
WA P 5 A i B8

0<A/\>:%>< Ly L 5 0:25

W, < Aevm =5 X

X Apwim ==

0. 025 nm
Ak B W B o B B A R 22 i 6.4 F 0. 000 4 nm, I
X T B W T AN O B R B AN E N

Uro— v/ 6(AN F 6, = /0. 025740, 0004° &~

0.025 nm
3 g

B R G IR HE 7 Y B O 43 Y B 0 37
90 BB B AR SR T T
S0 Y 78 O B ORI 53 3 6 L7
FUT v 3 T VA — B2 AT 9 3 20 41K B
SR D1 B 50 9 AT 0 2L O 2L 7
R FE 2% 0. 025 nom. 5 205 5 5 0 B 4 i
5 R A A AT XY 1 AR ) I T R A
THC B 5 77 4 7 48 22 BT 3905 18 A B A
0 190 % 5 S8 1 JU T 23 38 Uy o T LA ) 12
R I HAHE. 65 000 e % 28T
T 5 9 0 T S A X 1
107 51 1077 2 4] 6 7 54052 X8 8 001 666 0
ELE S5 5350 55 A A B B K o
(0 25 XA 300 53 DA 7 T 2805 35T 2 90007 8¢
5B B0 O 8 T L B B 4%
2 BT 0 DK 8 6 Y 00 0 5 5 B

1030002- 5



% T ¥
IR, spectrometer[ J]. Infrared, 2006, 27(08); 24-26-+32.
5% W, RGO OGS E bR ORI, 404k, 2006, 27(08):
=

[1] KUNZE H J. Introduction to plasma spectroscopy [ M J. 24-26+32,

Heidelberg: Springer 2009, 49-51 [11] PENG Xue-feng, WEI Kai-hua, LIU Yan-ping, etal. Optical

[2] M()UR()Ui IS P SEIIA}? R G WILSON D W. ef al system design of czerny-turner spectrometer with high

. s L s . . et al. ) ) o
Optical design of a compact imaging spectrometer for planetary ies207lut1§)n L1 Acta Photonica Sinica, 2014, 43 (10):
mineralogy[J]. Optical Engineering » 2007, 46(6): 063001, j TOO . I o
[3] SKUPIN J, NOEL S, WUTTKE M W, et al. SCIAMACHY LI B XU 5. 5 5P Coerny-Turner Stk
s ‘LS, < ,etal. S s e o .
solar irradiance observation in the spectral range from 240 to ) JFH7F/%(JLVLVLX'1+UP]I% Jl[(:diYT it 2014, ?(19)'1122003’ el
2380nm[]J]. Adwvancesin Space Research, 2005, 35(3); 370- [12] CHEN Wei, ZHENG Yu-quan, XUE Qing-sheng. Optica
475 system design of airborne wide field-of-view hyperspectral
375.
4] HARDER J, THUILLIER G. RICHARD E. et al. The imager[J]. Acta Photonica Sinica, 2014, 43(10); 1022001.
, L 3 > . et al. o e .
SORCE SIM solar spectrum: comparison with recent Wi BT DR/ D0 0% 76 O LR (65 AR 2 B
s s : s L o / .
observations[ J]. Solar Physics, 2010, 263(1); 3-24. ) L. ﬁ¥+ﬂ} 2‘01%:43(10)'1?22001" . )

[5] HARDER J, FONTENLA J. LAWRENCE G. e al. The [13] MOUROULIS P, GREEN R O, CHRIEN T G. Design of
spectral irradiance monitor; Measurement equations and pushbroom imaging spectrometers for optimum recovery of
calibration[J]. Solar Physics, 2005, 230(1): 169-204 spectroscopic and spatial information [J . Applied Optics.

[6] ZHENG  Yu-quan. Precise spectral calibration for . ;(;—(I)OA’N::?(PIIS) Iiill(\)léz\i/o VE Xi Desi .
hyperspectral imager[ J]. Optics and Precision Engineering . [14] ao- ei» YE Xin, et al. Design of prism
2010, 18(11); 2347-2354 spectrometer with wide spectral coverage for solar spectrum
jérSI;fy ﬁﬂ%{*ﬁi{%1iéﬁ%fﬁfﬁiﬁibf[J] O measurement[J]. Acta Optica Sinica, 2013, 33(2); 178-

B . =1 g 4 & N . E .
2010, 18(11); 2347-2354. 186. R o

11 SUN. oo, HUANG  Meishon,  WANG  Yane St 6. ORR 45, 060 B B K B L T, K
~ . ¥ . 1 T . s ~
Development of miniature cmos fiber optic spectrometer[ ] ]. fdﬁm,z_ol?’ 33(2).178 18‘6: o .
Acta Photonica Sinica. 2013. 42(1):74-78 [15] CAO Hai-xia, WU Na, FENG Shu-long, et al. Cross-
I E G VETE. TR CMOS S]], 36 7 spectral calibration for monochromator and imaging
2002013, 42(1) 1 74-78 spectrometer[ J]. Optics and Precision Engineering, 2014,

[8] LI Zhi-wei, XIONG Wei, SHI Hai-liang, et al. Study on zg::j?%iﬁgl" . ) 1Y el e
laboratory calibration of spatial heterodyne spectrometer[]]. ﬁﬁﬁi’%j&,{iﬁiizy 4‘;2 31@1141521%%1921161@)@4%15,3:
Acta Optica Sinica s 2014, 34(04) : 0430002. (167 );TPEEN(’K;%&;‘A*;G %:,4" ZZY(];O)X 585 591 ’ Dualord
2, AR, BEMESE. . IR AN IS G I B % S bR A oeon B e e el af. Dualorder
BRFECI]. JE2%240 . 2014, 34(04); 0430002 overlapped offner imaging spectrometer in middle and long

[97 KUMAR V N, RAO D N Deterr.nination of the instrument wave infrared regions[ J]. Optics and Precision Engineering .

[10] YANG Yi.

function of a grating spectrometer by using white-light

interferometry[ J ]. Applied Optics. 1997. 36 (19). 4535-
4539.
calibration technology for

Spectral imaging

2015, 23(4): 965-974.
TuE T T A KR 2D A SR S 4 vk 3t % Offner B
1R [T]. e % T2, 2015, 23(4): 965-974.

Foundation item: The National Natural Science Foundation of China (No. 41474161)

1030002- 6



