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Fig. 1. Schematic diagram of TDLAS measurement and reconstruction.
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037801-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 72, No. 3 (2023)

037801

L3 AL Y o BUER T 1, u8 U pR &SI
SRR, A T R B T, B ER TIF
Z/INaF B OCIR B BT S 1) B T e ) dt S L ) 2
FABHEANT. Y o BUREET, 8% REEIR K
Al (E R N B s D, SRR T3 55, &
SO DA AT S A 2 BN BI, W) i 28— 4 o
R KR, UL 2L o B AR IUE T R
(0, 1). MUE I R B i v vl LUA ) A L T4
#fE Tikhonov IE W {1k, 43 Z B Tikhonov 1E M {k
WSS B T, RV /INAT S (0 IO ) A e AT R
BT, LIS 0<a<1, JEIRPRECT LAIFRALTE &
IE T R, (10) A5 20 (A 19 o i 2 TR
Tikhonov 1IENIfk. £5 Rk, 78 (0, 1) JulE NS
EIEIBNEL o, T A RCHI PR BE /INAT S (B X 1 1) A
S A, J0 AR AT SR I A8 A3, B R i 1)
@, T A0 8 TR A i, i R 2 A fi v LA o
ZAHBUE R, EELE R,

2.5 IENMLSE O\ B9

IEMAE S E N B B X R Be I Y — o T ik
REATE B0, ASCHIENAC RS AR SR,
P AREE T L HZk 50500 E A A R AR,

N Y EER P IBOE ML S H N, A SCHEA ]

WY o BUE RS ER ST gk (13) i risfe &
PR AR, H kAR R e U 1 IE AL S 8K
A ARSCLL 10x 10 BSHUL A%, 20 26 R 5
RS, B 4 AR R Y ECT AS A IE Ak S 4
1 1000 FRIBHE A PR L

M 4 AT LIRS B o BORTRMER, 0]
RS %0 N B 1B 0.1 AT DU R B /N G AR
BB, Y IE AL 25 X B 102 1), ARRIBYECT Ot
AL B F I EIR R, BARPGABIRR 2 IRES,
FeWA 3 KA IENIAL B8 A 20l E MR A 7E i T
WG, IE U R TN SIS E N U/ N
(ELASF, I DU 0 1 2 R A B s o, L /DN )
S N RREAS BDE BRI PR 2L F Y /M,
SRR R 2. A IE, EL SR
N A BB TG (0.1, 1), A SOR 20 &
AR, A H0.5.

Bl 5 BiR Ras A S g e et gk (13) 20
SRR B A S AT R, DL I G BE A 7 =
El1&.

538UHr Tikhonov 1EMIAETT IS BN HAT (k6
A g 73X, R AR R 0 IR R 5k B A A
T, A SCHF 5T E 5 A H 20 BB Tikhonov 1E
Wb A5 304 BRI T B RS, PHAIZOGH

105
H5T 1 () 105 - (b) (c)
) _ L —— A=1x10? —— A=1x10"2
nof g Yo o Pt e S L — S
100 F —— x=1x10"! A=1x10-4 ~——Azix107! A=1x1074
105 —— x—1x12 —— A=1x102
—— X=1x10® —— A=1x10"3 | 95t |
& 100F —— A=1x10"? A=1x10"1 95+ | 3 \
95t ‘
90 \MR 90 o
90 —_——
85 | 85 | 85|
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Generation Generation Generation
105
105 F (d) 105 F (e) )
— A=1x10? —— A=1x10"? — A=1x102 —— A=1x10"2 — A=1x10 — A= 103
—— A=1x109 —— A=1x10"" —— A=1x10° —— A=1x10"% 100 F —— A=1x100 —— A=1x10"3
100 F —— r=1x10 A=1x10 100 F —— A=1x10"! A=1x10"4 —— A=1x10"" A=1x10"4
k951 95 | S
\ N
90F N 90 90
85 85 F 85 F
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Generation Generation Generation
B 4 AEBECE ENASBIEXHE G R RS RAEM (a) a = 0.2; (b) @ = 0.4; (c) @ = 0.5; (d) a = 0.6; (¢) a = 0.8; (f) a = 1.0

Fig. 4. Influences of regularization parameters on the genetic algorithm results under different orders: (a) a = 0.2; (b) a = 0.4;
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Fig. 7. Spatial distribution and projection point distribution diagram of five beam arrangements: (a) 2x10 orthogonal optical path

arrangement; (b) 4x5 fan-shaped optical path arrangement; (c) cross optical path arrangement; (d) beam arrangement based on

standard Tikhonov regularization design; (e) beam arrangement based on fractional Tikhonov regularization design.
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Fig. 8. Reconstruction results of unimodal distribution model and different beam arrangements: (a) reconstruction model; (b) 2x10

orthogonal beam arrangement; (c) 4x5 fan-shaped beam arrangement; (d) cross beam arrangement (e) beam arrangement based on

standard Tikhonov regularization design; (f) beam arrangement based on fractional Tikhonov regularization design.
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Fig. 9. Reconstruction results of bimodal distribution model and different beam arrangements: (a) Reconstruction model; (b) 2x10
orthogonal beam arrangement; (c¢) 4x5 fan-shaped beam arrangement; (d) cross beam arrangement; (e) beam arrangement based on
standard Tikhonov regularization design; (f) beam arrangement based on fractional Tikhonov regularization design.
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Optimization of beam arrangement for tunable diode laser
absorption tomography reconstruction based on fractional
Tikhonov regularization”

Pang Wei-Xu  Li Ning? Huang Xiao-Long Kang Yang Li Can
Fan Xu-Dong  Weng Chun-Sheng

(National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanging 210094, China)
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Abstract

Beam arrangement with limited projections based on tunable diode laser absorption spectroscopy is the key
to achieving a more accurate two-dimensional reconstruction of the combustion. Using fractional calculus
theory, a beam optimization method based on fractional Tikhonov regularization is proposed. The beam
arrangement function based on fractional Tikhonov regularization is established by extending the standard
Tikhonov regularization to fractional modes. The genetic algorithm is used to analyze the calculation results of
different orders in a range of (0, 1), and the beam arrangement is obtained. Using 20 laser beams to scan the
characteristic absorption spectrum of H,O in the near-infrared band 7185.6 cm™, modeling the calculations in a
10x10 element discrete tomography domain, and comparing the reconstruction results of the five beam
arrangements for different Gaussian distribution models, the beam arrangement based on fractional Tikhonov
regularization shows more obvious advantages. This design method proposed in this work is valuable for the
theoretical study of the optimal design of two-dimensional measurement beams based on the tunable diode laser
absorption spectroscopy technique, which can promote the application of this technique in the two-dimensional

reconstruction of complex engine combustion and combustion efficiency improvement.

Keywords: laser absorption spectroscopy, two-dimensional reconstruction, fractional Tikhonov regularization,

beam arrangement optimization
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