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Prediction of Growth Trend of Haematococcus pluvialis Based on GA-BP Neural Network

CUI Shi-gang,SHI Lan-ting, ZHANG Yong-li et al (Tianjin University of Technology and Education, Tianjin 300222)

Abstract Astaxanthin has a strong antioxidant function. However, in nature, the organisms that can accumulate the most astaxanthin at the
same time are mainly Rhodococcus pluvialis. However, its growth cycle is long and strongly dependent on the growth environment, so there is a
nonlinear relationship between its growth environment parameters and its growth and reproduction.BP neural network model used the basic idea
of gradient descent method, which could better approach the complex nonlinear relationship. However, because BP neural network was easy to
fall into local minimum, which affected the prediction results, genetic algorithm was used to optimize BP neural network.According to the main
environment (pH) affecting the growth of Haematococcus pluvialis ,a BP neural network model based on genetic algorithm was established, and

the growth status of Haematococcus pluvialis was experimentally verified.The accuracy could reach more than 90%.
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Table 1 Partial prediction results of BP neural network
Af2E4% Cell radius AN %E Number of cells
— - b - - o AR .
o SRl G e A SRt i R
Actual value Estimate Absolute Relative Actual value Estimate Relative

pm pm error // wm error // % T4~/ mL T4~/ mL ﬁilr\n/)jnL error // %

7.5 3.31 3.32 0.01 0.30 349 365 16 4.58
3.32 3.33 0.01 0.30 375 351 24 6.40

8.0 3.20 3.21 0.01 0.31 354 350 4 1.13
3.21 3.23 0.02 0.62 364 362 2 0.55

8.5 3.22 3.23 0.01 0.30 337 330 7 2.08
3.23 3.26 0.03 0.93 349 356 7 2.01
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Table 2 Partial prediction results of GA-BP neural network
242 Cell radius e %2 Number of cells
— N . - . ; 2651 1R y
o 2 B antiE MXIEE SR B A Hiwi
Actual value Estimate Absolute Relative Actual value Estimate Relative
wm wm error // um error // % Ji/mL Ji/mL ﬁE;II\T;;L error // %
7.5 3.31 3.31 0 0 349 335 14 4.01
3.32 3.31 0.01 0.3 375 355 20 5.33
8.0 3.20 3.24 0.04 1.25 354 355 1 0.28
3.21 3.25 0.04 1.24 364 360 4 1.10
8.5 3.22 3.23 0.01 0.31 337 320 17 5.04
3.23 3.25 0.02 0.62 349 340 9 2.59
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Fig.3 Growth trend of algal cells in cell proliferation stage at pH 7.5
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Table 3 Evaluation results of predicted radius of GA-BP and BP neu-

ral network

S pH 7.5 pH 8.0 pH 8.5
Neural MAPE . MAPE . MAPE ]

network % RMSE % RMSE % RMSE
BP 0.40 0.016 0.78 0.030 0.39 0.015
GA-BP 0.37 0.015 0.60 0.024 0.31 0.013
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Table 4 GA-BP and BP neural network prediction quantity evalua-

tion results

Tz W2 pH 7.5 pH 8.0 pH 8.5
Neural MAPE MAPE . MAPE .
network % RMSE o RMSE o RMSE
BP 5.91 25.36 1.82 8.68 234 1052
GA-BP 4.98 19.90 1.46 6.27 2.27 9.47
6 it

A 3 T AR TR AN ] pH T A9 AR R BUEAR AT
Y AFE TARE I RIS A M A R S . I ZR4S
RF L AEATE pH T, GA-BP Mz 25 %5 10 d £ i T 45
FHEWRE R T 90% , HAC& B U0 o 7 e 40 i A= K
e, UL 25 2 IR B IR o

PRI R P — 77 T AT LR R AR LDk A —

IR T P AR A AR B, e A JRT VI 1) ) AL 5 73— 75 T BE RS B
T NI 7, ARG i AU B, T ARG B B A
SRS TR A 2T BR AR ROIRBL R RZ M, D7 (AT ZE N B3 S e s 4R )
TRl AR AN AR R PR, 725 IR it REAS BE1Y 2 I (]
e 22 1 H R K, L RERE RO A KR

&% Sk

38(2) :297-304.
(2] Sk, B0, FhEmd, S RARINE TPt e L) . sh E B s
51,2017(4) :193-197.
(3] B, XIRES , MR, S AN R AT BRI STt R T ] R iR
#4319,2020,39(3) :80-88.
(4] Z=H, =i I AEZL BRI AR SR E2 Bt Rk e ) ] & i S LML,
2020,36(12) :211-217.
[5] WL I AL RS NS R IVRE R [ D ] L 7RI R
#.2016.
[6] By, X, Ehe A AR T E D A KT [T ] & i 5L
i, 2018,34(2) :120-123.
[7] Baz=== PURRERGE R 75 MY AR 2T BK38E ( Haematococcus plivialis ) A=< R
B R NN R AN D ] 5 5 Hh R, 2015.
[8] Z=Riudn. RUAEZ BB L (S AR SRR TR A5 D]
B R EREESE AR (RETIT) ,2005.
(9] PEfop BT iNAs O pH EFEHIRSETT D IR R
FORIMFEA,2019.
[10] =45F, IR, B, S M AEZL BB U 557 MRS SR A2 B S A0
[V ] FERIFRAA1,2019,21(5) :406-411.
[ 1] Gty MU A RS I RS T 20 D] kil e A
TR 2014,
[12] & RHH, SR ST B R BP she AR I BN T4 ] 3t
EHLTHE,2014,40(4) :187-191.
[13] 222, XIEE AT GA-BP HhZE LAY P2P [ESHEFRN(E X
FEFMIIFZT LT ] R RELE5T, 2021 (1) :49-51.
[14] WU X Z,NIU H,LI X J et al.A study on the GA-BP neural network mod-
el for surface roughness of basswood-veneered medium-density fiberboard
[ J].Holzforschung,2020,74( 10) :979-988.
[15] LI Y F,REN C,ZHAO H W et al.Investigating long-term vehicle speed
prediction based on GA-BP algorithms and the road-traffic environment
[J].Science China information sciences,2020,63(9) :1-3.

GG G G G S S G S O S O i G G G G G G G S G S O S S S S G GGG S G G S S G S S SO SO SO S Wy

(L85 229 W)

[25] sErit, AL, i, S AR EER S5 SR 10 AR SBT3 F-H LB 5%
e[ 1] ABESR,2005,17(5) :309-313.

[26] HER, BB E AUKEATEREN RSk ot L) ] AR
2242006, 18(4) :248-254.

[27] BR(ME24 AHETEFP BRI S 2 S EL [ T ). b AR, 2014, 41
(5) :14-16.

[28] #IVINI5 Xl R AR B R Eh e e F e bR v SRt R E L) ] VRS

#1%,2001,27(6) :794-801.

[29] =EAKHRA, DR, SRS U AN A A I T R AR 1 22 St
LI ABER,2012,24(5) :406-413.

[30] ASHRAF M, AHMAD S.Influence of sodium chloride on ion accumula-
tion, yield components and fibre characteristics in salt-tolerant and salt-
sensitive lines of cotton ( Gossypium hirsutum L.) [ J].Field crops re-
search ,2000,66(2) :115-127.

[31] XU, B0, SR, S AR Eh e o ma ATl e 2R R O F
GUtRE[ )] AR, 2015,5(11) : 10~ 16.

GG G G G S S S S O S O G G G G G G S S S O S O S o G GGG S G G S S G S S S SO SO S Wy

(L% 234 W)

[10] s i8.2018—2019 LA i ATl s30T B s AR U ot
[ EB/OL].[ 2021-09-23 ] .https ;// www.iimedia.cn/ c400/ 63427 html.

[11] Xz, Rak g R S Ml s & AR o [ ] A E e
555%014,2019(8) :75-80.

[12] XU SR Al s & IR [ T] Al 2857, 2018 (9) «
130-132.

[ 13] EiE18.2022-2028 SFErhE A T TSR T S8R

P [ EB/OL].[ 2020—12-15].https ://www. chyxx. com/research/
2020107903661 .html.

[14] #7.2020 HhEEfe = A RIS (1) [T ]l TRZHOR, 2020,
40(9) :25-28.

[15] SR HF SRR TR =R A [ D] FEE A A
2 2020.

[16] B =it e o (P S A FEL IR R 55T « AR AR =B A FIR
AFIABILD ]S T E R, 2020.



