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Abstract: Spectral line combination has a great influence on the reconstruction result of multi-spectral la-
ser absorption tomography. Poor spectral combination reduces the effectiveness of spectrum measurement and in-
creases reconstruction error. In order to select the optimal spectrum combination suitable for the target flow field
parameter range from the massive spectrum database, this paper proposes a spectrum selection method based on
the linear correlation of the vector group. Numerical simulations verify the feasibility and reliability of the method.
The relationship between the number of spectra and the reconstruction results is analyzed when the measured sig-
nal is noise—free and noisy. It is found that when the linear correlation index (LCI) of the optimal spectral combi-

nation is less than 0.01, the combination has spectral redundancy. The line combination with the least number of
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spectra while ensuring the validity of the measurement is the optimal spectrum combination with an LCI not less

than 0.01. When there is noise in the measurement, the more the number of spectra lines, the better the noise

suppression effect, and the higher the accuracy of the reconstruction result. The repeated measurement method

can effectively reduce the effect of noise and use the least number of spectra to achieve more spectral measure-

ment effects.

Key words: Laser absorption spectroscopy; Multi—spectral absorption tomography; Linear correlation in-

dex; Spectral line selection; Spectral line number

1 35l

WO IR G 3 2 AT 2 R (Tomographic absorp-
tion spectroscopy, ] it A~ TAS) J2& & T 3 56 W it 3%
AR UG B AR B R B2 Wi B R | B
T I R RN A 3 R B AR Sy A, EA e R A
WU & S5 0 3 TR =S K s LAY BA B 12 I ek 2 22
BTN R T D B TAS I RS
JE L BEE NN ET O A R Ok i ik
PR A X TAS HERTFJ TR 5T, TAS Hi AR
AL G2 19 H) A6 1% & B A H 24 ti% . A
PEASG 5 1 TAS H AR e LR R 1 % 48 TAS
AR EES RS AP E e, o A O
AR I T 2R SRS L AR AR T A DI T A TR s R B R
ARSI SRS X TSR TAS 5 ik b4k
B ) RS A H A2 T RSk RGO
LR N AR L SR XA AE S8 TAS 7 vk Y R R
BN TS, BEAE 05 OGRS 1 R R Ma 5517107 4
T =R ZOIGE AT T S G R TASHR
AN, BEAS 2525 A ] 2 A O3 i ) 45 8 i o e, 5l
o 306 3 Fi 5y 7 K T B E R E A R
7)o T AR A e AR L O B . R
263 FAE AR T TAS XL B i 7R, 7R AL
A 2B AR BE AT 6 00 AR HOR RE A8 S I kg
B M L TR G TAS J5 15 25 4 4558 A FE 1Y
RS WA T 29 50% R TR K .

ZotiEEAEPOLIRH SN EREREE,AS
T 2H A S WA AR R R ik 2 O
T WP L S (Y 0] . Zhou FE VA T — R AIGE
14 356 456 9 U] 5k 2 o ) S X RO 3% 40 2k 6 15 1
(4, AR AN RE T 20635 8 A ol 40 & i e i, (5
Xof T R S 50 A Ol i R CE U B AT 20 E L
258 v O 1% U G BE 0 BV AE 0.001~0.8 55 . Ma 55
& Y OB X 73 A 18 #5650 1% 46 19 O vk LT
TR ABCBER T 0GR X A1 H R A OIS A S T
B SR E o3 AT (2 T AR 20T X)) B 2

T

il B2 73 A 2 Oy PR RE 23 A 8 a3 A 3 LAk
B e L AL o AEAE S BRI SR L O A
N R B B () B 2 O 5 0l D) A5 3 e A B9
WA o QuAE R IR AR L 47 51 2 (Gram de-
terminant, df iC Jy GD) J5 ¥ H W A [] 3 22 2 5 2 14 Al
KVEMITT ¥k o 48 HhZ AR 1L 58 A G &5 A T s
f14 o R RE N A S P (HJR S BB AR L B AT 51
A5 P AT 2 PO Ho 115 B

S Qu iy 7 i AL 1O A A 1A B E 2
AN RE M T GE DG 2 S R A AR AR OGS B T
BRI E . WL ARSCER I T — RO OGS A S
A CEPEAG FE AR 8 2 i A8 AR a] DURS E DG 45 B
GG ECR .

2 BiRHRHE

2.1 BOEREEIEEME A
CARZ RN 7 AT 2001% 0 TAS #ie 3
T 5 A B T vE AT e TR, A I P K B
28 AR Z A4
RO SR AU B RO L5 AL
i 1, W & W /& Beer—Lambert & £, R i Hy
1,

ln(1)=-S(T)'X'L'¢> (D)

P TRy o B SR A IR Ay R, S(T) S
Wi 26 5 B, b R AR R 2R TR pR B, LR W SOERR . S(T)
By F kN

T, T, he 1 1
sy=sy- -2 )eXp[—-E"-(—ﬂ-

Q(T) k
—hcev —hcev )
|:l - exp( T )}|:l - exp(kT)j|
(2)

o T, B R E 296K, Q(T) e 43 pR %, h
T R, ¢ R G L kR B R 2K 8 R R, v 0
B E" N FARED . & AEA P AL R 1,5 50 (1)
AT AR 43 T LTH BR o, S BR85S Ay W i Tl
A,




2334 ot

#HoR

2020 4

A= fi:S(T)-X-d)(v)-dv (3)

Lo i T 203 A iy IR R B AT, b A &
AT P, LA Sk R RNk, — otk
BTN REEHE I JAOEL . A, L It
T A W T AR AR TR R B R s AR AT
BORBIEL, (myn )RR m AT n 5B RIS 28 (0 RO A% J2: B
RS B FH 2B RS

MN
: |1 e
// Al.j
1st beam ’i \r 1~ {A”
\k — T 2
L1 \ 1
\
7 SHTRe] ' \
Jj-th beam Vs
Ly
LT | 2,:——-'
J-thbeam =17 M

Cell (m, n) Neighbor cells of cell (m, n)

Fig.1 Concept of multi-spectral laser absorption

tomography

e R, MY A R R 4 1
S 5 408 50 40 AR 5% (2) W 1
i 5 RN
A =S Sk xS (4)
KR L R A m A 0 ) A 6 K
BE LT, F x,, 57 5 3% 78 5 m AT n B A% B4 I R R 43
JE LA, R8O g 2 i A i Wi i AR . T A
LA TH y RN m ALty 2d, i a J
otk I eE, W EEF RN RS E N IXIAD N
AT H T FER

M N
z le,m.u * X = S (Tm,n) =A,
m=1n=1

MoN
2 Z ijl.rl.Xm.ll.Si(Tm.n) = AL,, (5)
meln=l

MoN
z 2 Ly X Si(T,) = Ay
m=ln=1

X5 WLtk g n Ed IR, KT 2k
AT BRI AT 2% SCRR[T7,16-17] . TR
LR JORE SR R (5) 1 5k, 4 th — DUk o A
%5 A8 T Ay, R X (5) 3 B il AR A, (=1, 2,

o L=, 2, 0 ) s AR A X b S BRI Y O i T
A, 3 S UL KSRV AR AT A, AL A 22 dR s
()T ANy B R E A 25 5 . A2 BAR Al m” 43 il 32w
TRR R A A, R, IR 22 D

D = izj‘:( Ay - A

i=1j mALj
TR LR K Bk PR SO 4R e SRR R AR
FEME L AEZU(6) R R I T I B RN 23 T A - 3 OE U AL R

2

(6)

Thii * i * T T+ 100000
(7a)
1] 1
RX:ZE[X yyyyy _g()( =t T Xw-tn T Xw—tasn
i=1j=1
X T ¢ F Xt T Xosin ¥ Xosias1) ]

(7b)

Ry FTR 53 545 38 T W A& (m, n) 55 FEAH 48 9 4% 1)
SF- A E RF- 34 43 R0 O 2 . 38 1 DU Ak R U 7Y
SRR

F=D+vyR, +v, R, (8)

Sy, Hl oy, 230 A I R 4 0 E AR S 4
FH T 9 % 1F D0 Ak R BCAE B R pR B AR
22 ETZMEMHEXHEHNTASRLAE

B WU I G T 46 i 7 2 DI B 09 D635 o ) 18
HH I G S0 I A R Ak, T OGS S . Ak
P B H,0 1 KO3 32 ZEAE 6600~7700em™ 1 % B3
LN, 7E HITRAN J6 3% 504 o2 b 4 & 1 137224 3%
2R, R I L i 2 I A A0S A T S I I, A
ORI ECOR R TR RIS L . BT OCHk [ 19-
200 4t 9 ek R R DN, BT A0 T Y 5 ek
%IH%:

(DAIFIEL . B0 E/hF00lem™, T2
REZETE 10 N IS 6 0F h— SRiE & G IR 6
T 0 2R R G OE BT A R AR A R, Ay
Tk S BRI 4R R B KOG TS 1 S8

(2) B B /N iE 4 . X T AR
AINE T S W WSO R 1 5 e T R AR 220 1 S 1Y) I
FE J& 290~3000K , 25 5 7 I I 32 3 Bl P e R 2 B /N
F0.005 By % £k .

(3) BBRE S M RE L . 2 bR 2 bt Dk 250 R
/NTF0.15em™ B PTATE£R

(4) 3% 5 WO B3 A 3 4 o M AR ol T T 2 1



Ha1E: FHio

T WO OO 3 — 4k 5 A U8 Al e 5 i AT 5 2335

SRR FDG BB, 3 0O B v A A

(5) %45 P EREHZEE/NT 10 BTG .

B2 45 T 4 IR Lok S 228 A8 i 1 e R A
B b B IR (4) PR R RS BS
B AE A 3R Ir g Bk R IR O B R
0.03~1.5,

H,O transitions in HITRAN
between 6600~7700cm™!
Line number: 13722

Step 1 {}

Line number: 13222

Step 2 {}

Line number: 423

Step 3 {}

Line number: 322

Step 4 {}

Line number: 16

Step 5 {}

Line number: 15
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line combination based on LCI method and non-optimal lines
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Fig. 10 Reconstruction results for different combination

lines in different noise level
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Fig. 11 Reconstruction comparisons between repeat-

measurement strategy and normal strategy
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