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Raw materials substitution in formulations based on near-infrared
spectroscopy technology and particle swarm optimization method
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(1. R & D Center of China Tobacco Yunnan Industrial Co. , Ltd. , Kunming 650231, Yunnan, China;
2. Dalian ChemDataSolution Information Technology Co. , Ltd. , Dalian 116023, Liaoning, China )

Abstract: To address the issues of traditional raw material replacement in formulations, such as over-reliance on expert experience, low
efficiency, lack of scientific constraints, and incompatibility with the demands of the digital era. It integrates the global optimization
capability of the particle swarm optimization (PSO) algorithm with the rapid analysis performance of near-infrared ( NIR) spectroscopy in
this work. The aim is to establish a scientific and intelligent formulation method and ensures the consistency and stability of product quality
between the replaced and original formulations. On the basis of the principle of NIR spectral similarity, an objective function integrating
spectral information divergence ( SID) , Euclidean distance, and Pearson similarity is constructed to achieve the goal. The PSO algorithm is
employed to solve the combinatorial optimization problem in formulation replacement. Thirteen Gaussian functions are used to simulate
2 000 raw material spectra, and 10 000 formulation combinations are designed for simulated substitution experiments to obtain optimal
schemes through iterative optimization. Twelve actual tobacco leaf formulations are selected for intelligent substitution recommendation. The
spectral data are normalized to optimize similarity calculation, and expert sensory evaluation is conducted to verify the consistency of the
substitution schemes. In the simulated experiments, 81.82% of the PSO-recommended formulations exhibites a difference of less than 0. 000
5 from the original ones with all differences below 0. 01, which meets the requirement of spectral similarity. In the validation step of actual
formulations, 83. 33% of the schemes shows consistency between expert sensory evaluation results and spectral similarity analysis. It
significantly improves the efficiency of formulation replacement and effectively guarantees the quality stability of the formulations. This
provides crucial technical support for the scientific management of formulations in industrial production, and can be widely applied in
tobacco, pharmaceuticals, and other related fields.
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Fig. 1 PSO flow chart
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Fig.2 Simulated spectrum of multiple gaussian functions
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Tab. 1 Sample preparation specifications and experimental conditions for Near-Infrared spectroscopy acquisition
FEHAE TG AT BEL R
KGR 40 CHATFFEMET  TREREAK T 2 6% ~8%
FEAR £ B FEHUR AL &, 220 0. 250 mm (60 H ) i M
RS {8 TR SRR ST AR A oK I DR il 2 &) — 8
ERER/N:| 4000~ 10 000 cm™"
S AT Pig &S 8 cm™
HEREL 64 X
Vi SR o 25 ~ 28 C
X 60% ~ 65%

2.2.2 BECJTIREC

0 F AR AL 2 000 NG BUE AR s D
A M P 2H C 7 0 FH A SRR B, B RS AC F 33 A
BB ABTALIIC 77, - BE ML BOORHRE o 2 AT VR IEE , Rl AL
I A R VE RRITER TE J5, BEAL 1 000 40 46 i 41 e Oy, B
PaRIa i Ty Hh i 2 4.6 AR,

5 e lml st £ S5 S 19 106 A4S SEBR AR I AR T
TRC , FEA T AL 5 AN [R) 1R L 5 1) JE 7 A48, B 480 Ty
rP i JEORE SR FH RE AL AE 19 SRR R L B 6.10,20,
30 /NI OB R R R G, BERREC T BEAIL 3 ¥k, AR R 12
AL Ty, K 3X 12 ANBC T VER PR TEC )7, BEAILIE & 9] 46

BCT7 H A 6 A BEURHE S B JEORE A5 51 12 SRR E T, DA
L 12 ANEHUOR AL

3 #R 536

KL HEOC AL 3L FOETE AR LY IS0, X6 iy 24 i
BHE A SO B R TR BRI, [RIRE, O T
JERE R IR R BOE TSRV ERE S R AL 1AL 1, XDt
BAEBEAT IR — AR B RO R MU 2 [0, 1] J5 350t
PRI SRR A3 5 H bR Ok A fe i A9 AR 2
o TETFLIE R A0 TR AR F AR s, R R
DU BT R L 22 id Z2 0GR AR A B e A0 A ) i 7



A Zh b 8 R 5 H

2026 4F 55 45 % 53 M

Techniques of Automation and Applications 87

i 3 R, Gl~G7 FnA LR /R 73 X ], BAK G1
LARHRIEE[0,0.000 5) X [], G2 RmAH U 0.000 5,
0.001) X [H] ,G3 F/nAMHMPIE (0. 001,0.001 5) X[H, G4
[0.001 5,0.002) [X[H], G5 F/mAH{LLEE[0.002, 0.002 5)
X [6], G6 FnAMMEIEE[0.002 5,0.003) X [6],G7 FamAH{
FE[0.003, 0.01) X[i],

0.001 2

s

2 0.000 8

=0

5

0.000 4 : . . .
5 10 15 20
HEAUCH

3 BEREBIENEXNHL
Fig.3  Objective function fitness iteration curve

1004

81.82%
75

501

I3 A 5%

25

5
1820 ee2 364% 1gpy 182y 364%

Gl G2 G3 G4 G5 G6 G7
Rl 731X fil

B4 BREHESHER

Fig. 4  Objective function value distribution

TR 4T 8 RIEAR G YGTE AL R B e fd:, 2
HIEURHL G, B A Fe A SR AR G X SEBRAm i JUR
TS ECE AT R B SO0 AR LR SO0 B kAT 5
38 2R 25 (A1 HR 498 S P JEOR A7 14T 38 i, 45 3 4 52 P
JERHAC 7 B 2 BE O, a8 ad b ok T B 508 O o, X
1 000 /> %) 46 P J7 Bk 28 5 43 50 3-8 (10 000 > 5 4 21
) AR H AR R BUEF] 10 000 2H HEFE 19 B 45 5 5
P4t S P R B A0 Y 1 AR 4 1 5 R S O 25 S
/NTF0.01 3 R ETE AR FE I, 10 000 4 #7245 SR H
s BREA S A N & 4 IR

&l 4 J& 10 000 75 B4 A IC 7 41 A 2830 ki Ff 4
A RN A BC LS S ek T IR S b TR B Y e e il
7 SR 5 1) 25 52 FEAH B A /T 0.000 5 /4 B 81. 82%,
IF B AT S8 95 B 5 19 22 FE /8T 0. 01, B B
RS T LAAS B R p e T 4

FEF R IS ECE A E AR R B e SR LS R 5
UEARLFRE T8 2R3 538 A e lic Jr B 4 v i 4l A Ak
[ 851, ] S Xof S o AR ek £ P 2 B 0 4 B O
FH 12 A R TR SE PR IR E 28 0 i i e 16 4 T
Dy HEE  REEC s ) 6 A JEAh R A 7 4 7 s 40, 4 7 i S T
725 5 AR ER 2 Fr

RZER T H bR R g 2E T EAAE /N 0. 01, [ B XF
A2 B BC D HEA T IR C 5 ASI S PR i, 580 i e O Fn A
TR Z RIS PR 22 5 1, 2 R A5 SR /T 0. 04,
SRy B B I AR B R | X R Wk R S
77 AR G A R Uil T B e v i 2 A DAk R

R2 LRALFRMHARGTRERHMZERITERIEERETNER

Tab.2 Spectral difference evaluation of 12 leaf group formulations before and after raw material replacement
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