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ABSTRACT: The work aims to predict and simulate the viscosity of edible ink by studying the genetic algorithm to op-
timize the Back Propagation (BP) neural network to establish the relationship between the independent variable and the
dependent variable. Based on the previous researches on edible inks, the acetic acid concentration, chitosan dosage, alco-
hol dosage, and grinding speed were used as independent variables, and the obtained viscosity of edible ink as the depen-
dent variable. The experiment was first designed by orthogonal experiments, and then the BP neural network with genetic
algorithm was used to predict and simulate the viscosity of edible ink. 30 sets of experimental data were obtained by or-
thogonal experimental design: by using Genetic Algorithm Optimization Toolbox (GAOT) in Matlab 2018a software, a
neural network with a convergence accuracy of 10~ was obtained after 38 iterative trainings. The relative error between
the predicted value of viscosity and the corresponding true value of viscosity was between 0.05% and 3.7%, and the R?
value of the fit was 0.8672, indicating that the BP neural network had excellent predictive ability and high predictive ac-
curacy to predict the viscosity of edible inks. The BP neural network optimized with genetic algorithm can be used to
predict and simulate the viscosity of edible inks, and extend the neural network into the evaluation system of other per-
formances of the edible ink, thereby providing guidance for the production and application of the edible ink.

KEY WORDS: chitosan; viscosity; edible ink; Back Propagation neural network; genetic algorithm

I FS HEA: 2020-12-30
ELWAB: JAARATALFAGREFUHALTERB (2019GKQNCX005)
EHERN: KREH (1986—), %, ML, FERLERKFRHAIT, TR H @ H L EREPRAH,



.50 g TR

2021 4£ 10 A

BP ( Back Propagation ) i 285 2 i i f 1 1Y
—RHLER2E T T, R — R 2 W I R G £
JZET N TR SR 3 o I 2R B Ok H 3R 2
>, RN BB B S 0 pIF 9T H bRt AT & B P A A
W, SRR, BATIESR . EZ2B . KARY
P IR HLAR 5 R 18 S5 S R N o B4l BP it
2 LR BRI EAE 2 SR RAE TSI 2 L B Fa A SR fe
o R AN H EIL L BP s 2% rh i g
PRAD K BE B A, 5L B R AU A Y AR A —
NTRREDTE, & Bl BN 1) —Fh L
PERLG T, AT DA RCR WIEA ARt ¢ R nd i A =
Bt b O | BB RN B 4 R i L
R, T E AT BP M2 48 B AU, REIBIR
I 5 il BP i 28 I 4% g A Ry 35 e A R i B, T X
A0 R EIOR it 7 B A 2 4R
CAHMEEY BP Mg H TR . EO 4T
L OBE T2 SRR g, U T By v Tl &%
RIS/, BP 2 W45 n DL 225 ] A SR a9 A4
AR AT LAY A 25 RORHR 2%, 1 B AT
AR KB i A 77 0%

Al B AR S R — A RRR 0T 55 Bl B SRR
FUTE S . 25 A TR, AT . 2400
42 A H a8 SO0, PTE HI A8 0 JLARAR 3] 1P
WA JE, HignymaaRl, nra At ik 4
B @R SURL . BY RIS AL, (R R AR
TE T BRI o Wb A e 4 T0EE , 1 H A ™
TL R AT KB 2 A A B BRI S R
P AN T H T E R RIRZ 0, Wi H A B i A
—E MBI TE, A5G RTI RIS TAE, R e R T
PIFE A o] & i h B i e Rl U1 S DL SE A
R, DI @R R, TERESRR T & KR
TCHE ) 7C RS T & 55

RGBSR AR A O RE S B — , TETh S TR A
THTAR A R, 28 28 B PR ARG B T i 5 | kS 1Y)
EURRSCRRE , LhammiiR . HESS . SOkl . BEaessE, Mm-S
FICE R B b = A TR E R RS B A SE R P e

5, BEAARPNRSIEL | IE A0 0 N
Jrid, ABRARAFAELL T BT . SCUT5 SEAA R IR S
INEEAT A MARRBT, MisEhra: -l i, s
MRAESEBRENRIRCR , X £ I3 25 A9 B 7 HEA T 3
T 5 2™ A2 AR Z2 AN RE VT IC 52 38 7 74 B SE S0 4 5 =K
BB IR, TSP h B 2l B — LE ]
RN A B SR B PEREAERE , T ELASBEXS I 25 1Y
PEREHEAT oA TN e e 2 1 £ A H A
R BCTIR T,  SCHP R R 3R T st (R SR 1AL BP #ili4
P 28 157 T Al £ i 28 Rt BE VR RE PR, kT X m] R
PRS0 S Ui W00 Sy % 1V = vk i D U LT
KA R SLBR A

1 RI

1.1 EREEE

FEME: CRE, TR 22 7, RO
JE>95%, AAral, iR T A AR RRRE B AT BR 2
Al LR, abral, B 2L R BRA T
TR, WRAECH 95%, 4hbrat, PEkiik T
BN WHAGLE, drdl, | ZRETTAL A7 4 bR
ONFE ZRIOK, Hl.

FEALA: mEetT EUEREHL, B5 F-P4000,
IR IR AR A BR A A s B e e R
KI5 NDJ-8S, iz TR AR A wE Sk
#r, B HI-6, g LT TARAE A R A Ao

1.2 7%
1) ZHE 1 PRYSERACTT, R —E it 5o K
B — € W BE B BRI 0, TG J1 BEFE 1

3h, HESSEEM, 5SS
2) Z2HF 1 HRERETMT LS, MA—
E i JOK CEERR IS ALK, BSRHRSBImA
T RABKREILH, LI—E RIBHE S W 6 h, 133
o R ] B I AR
3) R 2R R LT i 25 ARG o

1 UTRAHENIERERKTE

Tab.1 Experimental factors and levels of edible ink
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1 1 1 5 1000
2 2 1.5 10 2000
3 3 2 15 3000
4 4 2.5 20 4000
5 5 3 25 5000
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Tab.2 Orthogonal experimental results

U il P I 2 4 B0/ %o FER M /g T /mL P 803 /(r-min ") T K /(mPa-s)
1 1 1 5 1000 303.25
2 2 1.5 10 1000 1081.76
3 3 2 15 1000 1822.03
4 4 2.5 20 1000 8411.15
5 5 3 25 1000 14562.16
6 5 2.5 15 3000 8900.25
7 4 2 10 3000 1243.17
8 3 1.5 5 3000 756.34
30 5 1 20 7000 43231
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Fig.1 Flowchart of BP neural network based on genetic algorithm
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Fig.3 Training curve of BP neural network
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Fig.4 Fitness curve of genetic neural network model training
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