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Abstract The echelle spectrometer is a major spectroscopic instrument with its high spectral resolution in a wide range of
applications. The spectral reduction technique is the core of the data processing of the echelle spectrometer, which realizes
the rapid reduction of two-dimensional images to one-dimensional spectra by establishing the correspondence between
wavelength and imaging position. The performance of the echelle spectrometer is directly determined by the accuracy of
spectral reduction, which is the most important point and greatest difficulty in instrument development. In view of this,
the development of the spectral reduction technique is reviewed, and its evolution is classified into three stages: ray
tracing, modeling, and calibration methods. The core ideas and principles of spectral reduction algorithms in each stage
are discussed in detail. Finally, the development history is summarized, the development trend is predicted, and the

outlook of the development direction for the echelle spectrometer spectral reduction technology is discussed.

Key words echelle spectrometer; spectrogram information processing; spectral reduction algorithm; ray tracing; spectral
calibration
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Fig. 1 Echelle spectrometer path structure(reflective and transmissive structures)
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Fig.2 Schematic diagram of the two-dimensional spectrum in

the free spectral region™!
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Fig.3 Schematic diagrams of the spectral reduction process. (a) Original spectra, containing the correspondence between light intensity

and position coordinates; (b) spectral reduction model, containing the correspondence between wavelength and position

coordinates; (c) spectral calibration results, correspondence between light intensity (vertical direction) and wavelength (horizontal

direction), the red arrow indicates the reduction process for a spot corresponding to the wavelength

0330003-3



T P A TR 9 K R I R 9 P A O SR A 45 A RE S
AR PR A 2 3K 5 50 B2 A 0 B G 2R (IR I O & A 4] 3
IR ) o 1 A JEURE 2R A S B 52, RT R T A E A
5 EE BN IV O R A B — ARG i 2k o 3 b A
f1% 2 7 KRR 3 PR O DB kR BE R B R Y
M 28 A rR I A 6 M O 1 1Y I B ORS B A T AR

3 I A PRI K R R

Hh g B Dl D't T AN P DR Y R R
A U3 SR AR T A O B 0 A AR A S R, H R R
JE& R H IR AR AR o 18 b Uk A R AR A
JRE RIS JEE AR LA 2 S AR T A AR A L MORE A
JEE B B VA 40 O Ole 4B 8 A5 TR AL (i 22 35 R A
VE )RR E ¥ o AS/INTT X I 3 28 B 1 B D ORI Ry Rk
fregik .

3.1 REZKEBIE

Hh g G MG IS 1SR T 22 A B 4 A JE 5,
1B A 8w AR FE R T HL TR 1 S BT (20
BB A R L AR R, d Je OB B A 4R KR

5 38 ) O T A I D7 R AR AR AT R I S R T A K 2
NP 55 D i it 37 3N O TN S P o
T R AR ST, (8 20 R R DB i vk
Xt T — A BRI B9 B 3, T DUAR B Ot o BT K
330 L A Y LR AL B B ERIB I AE A B BLE
B HEAT , 16 T8 22 MU {E B AT 5 S P i O (FLR R G 02
AEB TR,

T O LGB BRI R D SR SRR R T
JCZ B B AR R B R o PR 2 i
BIUR 2 BURO — S 18T, B R B R R — DRI K
(9 AR AL B AT — PR EAFEVF 2K e —JRk
e 4% P A 8l OE 22 A9 K i D6 28 B R E R AL
B AR 3 o A (R AU AR O A G A AT R R A
JIn AT 37 A 4R 2 R B B DA O i SR A D T AT Y
PEELE JFOC R R O RCR T o 5 SR Ak
TERC T B, BSR4 AL b 9 fRe X I e &, —
JBe A — A~ 22 30 R U 18R R Y 0 B e
FUV A 2 LA B R BCE IR O 4R T g
W IR RS HE

ARARAR AR A OB ik i 2 LA
V1 RS FR I O ' A A% e B Tl € O 1) D
U o) €5 1555 ) O TR B A AR R AT UL, ST AR
AR Z B A B R o /N LR I RCR | [R]
SR FH G B 48055 19 O 20 ST 3 TRT G U A 0 4 e 5
S RN R VAU E S D @l 1 D Y B o
IS ANE TR . LA BN 4 BrR

TR B2 (0 HLTT [0] L8 % NS AN 8] 0 i v
K, I8 X S B X7 1) 6B e R A AR

F61EF3IH/2024 F2 A/BAERBEFEHRHRE

= XH ~ \— ¥=A%)
- \_\\—py_‘:ﬂﬂ)
o) O W W
boatae L~ N e
T v

(‘:-m \'-.1.1|"\:-| \'«1:) i )-_ﬁf:)

P4 PR T R 0L A S

Fig.4 Fitting principle of spectral restoration process
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optical path diagram; (b) equivalent model light path diagram
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Table 1 Comparison of accuracy and speed of algorithm modeling

Algorithm Light tracing Deviation method Mathematical modeling method Calibration method
Precision Moderate Low Moderate High
Speed Low High Moderate Moderate
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