YL 223 ( Jiangsu J.of Agr.Sci.) ,2021,37(5) :1183-1189
http: //jsnyxb.jaas.ac.cn 1183

5 % EOUH WU, SR ST A B o A K IR SR TR AL ] IR 2R R ,2021,37(5) £ 1183-1189.
doi ; 10.3969/].issn.1000-4440.2021.05.013

ETHEFINREERNMES TN EE

&, BRIk, AR, TER
W Tl 2B T A2 e/ B R TR T 950 L RO 430068)

WE. FRECEE RIS RRE IR AR SESEN B OEE A TR A L&, A0
I FH B0 TOUNRE s 2B A SR P B R B IR BE 28, 51 B[] )3 9 000 7 2% , 3 3 i ALK At 3, 45 1) e 4 [ T A
AU RIS B ACKRAS 23 R TR0 532 , W A1 26 1) 2 AR 7 e B 381 v 2 25 (), DAV BRI 2 25 ) S AR R R 1 . R P4
B 2500 SR T R - TR AR 007 BUGIE BJ MRAR 25 | ST 14 4 X5 25 R i 1R 25 S VTN 7 I AR AR A T
TEAG FISIE, OS5 S S, B R ) P8R 5 [ 3 8057315 2R S 08 AR 8 2] T e A K 1)
ISR S ATE AR L, 5 2 B0 R 22 5/ Bl SRS A | i 5 4 Ml 4 7 el TUIB e i AE Kag R h R IR S 80 N
TERLEE

KA. BETURGENE; A WA SRR [ R ST - ROR SRR IS

FESES: (949.2 XERFRIRAE. A XEMHS: 1000-4440(2021)05-1183-07

Prediction model of microalgae growth environment parameters based on
time series

NIE Lei, CAI Wen-tao, HUANG Yi-fan, DONG Zheng-qiong
(College of Mechanical Engineering, Hubei University of Technology/Hubet Key Laboratory of Manufacture Quality Engineering, WuHan 430068, China)

Abstract . Mastering the variation law of parameters such as temperature, nitrate concentration and oxygen concen-
tration in the growth environment of microalgae is beneficial to improve the biological output. In this study, a large number
of environmental parameters in the full growth cycle of Spirulina platensis were used, and the time series prediction method
was introduced to obtain a linear regression model by maximum likelihood estimation, while a state space prediction method
was introduced to map the low-dimensional linear model to the high-dimensional space to eliminate the inaccuracy of the
model in the low-dimensional space. Evaluation methods and indicators such as the Durbin-Watson test, image method, root
mean square error, mean absolute error and maximum error were used to assess the validity of the model. The prediction re-
sults showed that both the autoregressive moving average model and the autoregressive moving average-Kalman filter model
could be used to predict the environmental parameters of microalgae growth. Compared with the autoregressive moving aver-
age, the autoregressive moving average-Kalman filter model has smaller prediction error and more accurate model fitting,
which can better reveal the intrinsic patterns of environmental parameters during the growth of Spirulina platensis.

Key words: Spirulina platensis; autoregressive moving average model; autoregressive moving average-Kalman filter

model; environmental parameters
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FIHZRATIA 40.45% , i TAR GRS CO, [ T2
(2110%~30%) , 2% FEMIR AT Wi T
4 AR AT N B Y BB EE RN CO, TR AR 20850 1) e 3
S, A 1) 1% i TOT MR s e R 2 e D[]k R
WA 4.126 g/L 1 58.231 mg/(L-h), & &Rl
FEUBEE T NS IBUE A K R SR 4 R R
B TR 0.5 pg/ml A9 Ni™ nJ {2 a0 e o8 A 4G
HAR A R G S HUE A, T A Sk SO,
e SIS S A Y B A

A LA T00 B2 iE s SR BIF S 0 52, SR FH B ] )
GBI  H R B v ) TR | R A R 3 R AR
VR A A i A A R AT 0, i o ] e 371 A A
AT RIR S U8, DA R B — B A S50 1 Jmy B, 48
TN R A A AR A T I PR AR R AR AR R, S
FEIR ] PECH AT B0 e A AR e T A AR
TR P PR ORI, Ry 2 IR AS | 7= e b
TR SHA AT T HA

1 MBSk
1.1 RIS A AR B SRR

11 XAt g bR oy 36 EA R 32 )
A7 % ( American type culture collection, ATCC) 13K

FE AW S, platensis 29408 ; FANHITE i PR 1.5 L
B THUUE R A 200. 0 1 K5 3R 3E
1.1.2 XZeAE Ut 2REe, DL 6. 875 o/ minik
Ji€%% ; Hobo R0 %% ; 15 ml Falcon 45 ; Dionex &5
T35 DX-120; 5ehr se XA AL S Unisense J¢
%Zit,
1.1.3 XEeaR3r il Hh s 7 58 B A0 AR JE M
IO e, = A BEIE K R ST R TR = PR,
TEREA RS R rh | 2 SR B R ME— I A 7
1.1.4 X Eam 2 RS A E . R
it ( LASR LRSS B ) ol VR VR AE R VR E 1Y Ho-
bo B IC A IEE , B 5 min P& 1 U, Bda 53 B
BRI AT N3, AR e FE A A - A R R vk i
BRI R 3 W, WA TRIE BRI 25 ml
FEAHEC10 ml L9 g BYHESE 15 ml Falcon &5.0»
BHELL 10 min, Bt LIS BIFAEETE 30 ml (KR
NI AEATE-20 CRIRTRE T & H, AL
9 DX-120 K Dionex #5354 534r 500 wl >k A A
PRI ASAS R ERAE i o AR B 1 A« NS TR G
W 2 3 50 ml A R I & A WK BE, B 3 IR
B B e hr s s AR A 2] Unisense F2 %51 I,
AR SRS T TE SR B A FL U, ISR PR Ak
Xof FUARCIEA TA U SRS 43l 2 R i i AR
SRS SZ 3 min, [F] B0 55 HL UL, S5 Je X6 BR K AR
R AT BT AT &
1.2 S¥mn g%
1.2.1 BFRE BRI ARG BEET I M —
Fof A L it F ] 75 £ 1549 4R O B0 A B0 O ke
27T A AR A A [R] Y IFTR] ) — 78 S () 0L
WA Z AR — 2 WK AR | 3 23 B UL {8 7
HI) R H B T R ) ) A R R AR S AT
et A | LA BT A H AT iR S 4
Mrrbde s FH B B 3 3 2487 ( Autoregressive
moving average , ARMA ) V-5 1A (0,0 75 17 51 40y
5204 P, ek

Xy =@ T, te o te - 08, -
0,&,— 0,8, (1)

Hio,o.<1(i=1,2,--,p), MIEIHZEE;0.<1
(i=1,2,,q) , NIV REp g I ARMA(p,
ORI IR e, HIR2E, Y q H 0 B IZREA R
HIEERD AR (p) , 2 p 4 0 B, I 82 i )
KRR MA (q) o BTN PR 20 BRI IR 1 Fzss



M FEESE LTINS A O A K IR S B B T A Y 1185

’ﬁﬁéﬁ%ﬁﬁm@ﬁWMﬁ%%ﬁwMﬂ ‘

v

’ BICHE 2 \

v

TRERRL . ZHIG . IESTERLE . HRYER Y

Sk

1 HFEERER

Fig.1 Flow chart of time series model

(1) “PFRatErs:

FEXTISHE] P EAT ARMA B 22 /i, B 571
AT P RER 5, A HF5E R A ADF (Augmented
dickey-fuller) K5 %6 , U0 PR BRLARAG: 26 , & — Tl IR A5 241
L RS 7
(2) #41

FESEFRIN S b 0 H AR WA I B A
BN EHR AR, AN REXTH B 21T ARMA 2
B, 2203 REBRFT LA BR P90 a3k b e 9 ik A T
—RZESHAE PR 15 3 8 P 9138 AT LA 2 AR-
MA FBFARERTR K
(3) E¥MEf

XF T 53 AR IR ERAE | 38 O T e A Uk
A P81, IR L (e A, Ak PRI P, iE
U AT A ST, ARMA AR 55 1 451
(4) B0 R A HE C bR B (ACE ) Fil D EAH 5C R %L
(PACF)

i ACF F1 PACF 1 [&1 4% AT LAV SR K J2: 15 F
Fat, () SRR A1 PR A5 4 2, SR i T A AL v )
BIHER S p A SIF-BI88 51 ¢ BRI, —#iH5E
AT

3 (5,78) (2,-%)
pL= . (2)
51 (x,—x)’

~—

b,
%k:B (3

P M kA ARISCRREL, », WFIIR A A K
3 & KFEIVE ,x HITH) RS +k A EEE, D R A
RS B S D 14 AR O PR B AR R 4 1 R U D,
Se AR R ER R AR B A M, AU(3) i,

1 Pt P
PR pis
Pt Pioa 1

L p Py
Dk: P 1 % o
Pt Pra Py

(5) BRI E By

IR {E B #E W] ( Akaike information criterion ,
AIC) A1 D1 345 BLMEN] ( Bayesian information crite-
vion,, BIC) J& ARMA £HE3 HAG7E 7k, AT 5t i
B BIC AN S AR I, h
JrEE

+
BIC(p,q)=lg(O'fM))‘i‘]%lgn (4)

2
AIC(p,q)=1g(Ufp,q>)+;(p+q> (5)

AN (4)M(5) T, pog 9 ARMA BB RYB4L,
o, o NEERIER LT 2% n FEARAEL
(6) FERIKG K

RS B 5 48 8 B 25 4, SR FH /N — Je vkt
BRI SR, X A5 B AR R T A 55 AT | BRS 6:
BRHY (0 5% 252 15 FAE 7R | J 75 LA A OGS
5522 R RS HLAS B R OGP, WIS RS ) F 5 A5 00
AR H
122 FREZEEBEBGET ZLERH— AR-
MA BEHY TN 45 SR A7 AE 26 W I ARG B 45 [ i, A
FER R IR 2 U8 Ik Ty 1k ot A AR 0 £ 25 S R AT 4B
1E, DAR A5 AR A5 3] 0 2 v R R R R B g
BEAIRRIRAS 7 AR, UK S O 8 R Al i 7. R /R 2
RS F FUIN S 43 NG 1E 843, DA T S B X6 i A
R

KRS Uk Ik 2% (Kalman filter, KF) J2& —Ff LA &
PEREHL 28 G0 IR 25 07 1 0 0 7 i o AR 7 A,
RS DRI HE W AR/ N 224531, U8
BRI K4l S 2 40 Hp W s RN B R S ), DA i 45 51



1186 e

2021 4E & 37 % 5 M

et A BOHE A A B LY RRB IR
X(k)=AX(k-1)+BU(k)+W(k) (6)
Z(k)=HX(k)+V(k) (7)
N (6) FN(T) H, X (k) /& k B2 R GRS,
U(k) 72 k RIZ RS TETIE, A B J2 RS0 RE X
LA RGEAL AR, Z (k)& k B2 RS
DEAE, H 2 8 RERE N FE2L RS, B
B, W(k)FNV(k) 53Rl A R AR e
E— AR A (6) (7)) HEF AR 1Y RIR
SR TR
X(klk=1)= AX(k-=11k=1)+BU(k) (8)
P(klk-1)=AP(k-11k-1)A"+Q (9)
X(klk)=X(klk=1)+Kg(k)[ Z(k)-HX(k1k-1)] (10)
Kg(k)=P(klk=1)H"/[ HP(k1k-1)H"+R]  (11)
P(klk)=[1-Kg(k)H]P(klk-1) (12)
PNE(8) W, X (k1 E=1) 2 — AR T Y 25
X (h=11k=1) 2 F—REWRIMER, Uk) BT
HHE P (k1 E=1) & X (k1 E=1) X A9 B 5 22,
P(k=11k=1)3& X(k=11k=1) X BT 25,0 B RS
ISRy 22 R 2D st R AR RS 2%, Ke (k)
Jg kIR RS EE T N4 1 MR, FREL ARMA
PR | R GERIRZS R A e y FE T R oA

r 1
X,(k+1)] | & # “ X, (k) )
xoen | |20 Y| |
) =0 1 0 0 S|+ 6, |o(k+D)
AR IR | RAC n
(13)
17X, (k+1) ]
0 || X,(k+1)
Z(k+1)=1| . ) +o(k+1) (14)
01X (k+1) |

1.2.3 BAWHE L RIE  FoG, RHEER T
1 QQ B (i K /R ik ) 7 AT % ARMA 7 BEA Y
TEASPER S SR 5 AR OC R 50w B AH ¢ REENR
AR - FL 4 £F ( Durbin-watson , DW ) 75 46; 56 H:AH
KA Jr R I MR 22 (RMSE) P-4 4 %) 12 22
( MAE ) FIV5E 200 26 WP B A I AN 2 I JR VE A
% (e,=e,))’
DW=———— (15)

LA,
2 €y
k

1R ZEMW 22 =max (x,—x,) (16)

1 »n
MAE=—31(x,~%,) | (17)
n k=1

l n
RMSE= |—3X (x,-x,)" (18)
n k=1

Hor e J& k BZIM5E 22 e, J& k-1 B2 5%
% x 8 b 2T S BR A, &, S kI 207 50 T
{5, n SEREARECE, DW N - LR R GE T = 1M,

REHY (R A D T L5 DW E AT VR4, 2K
(E AT 2, VLA HA A OG M , 45 Hgz 3 0 1§
4, WU i5E B ASE AR 23 5 A 670 AH OG0 1E AH DG 1) M I, 455 A
ANFTH, TR 25 25 PP A A 1R 25 1) Je K U s I L
MAE PPN R 1) 8 2, RMSE i 5% 50000 v 1 )32
AT LA BHAS IR S0 (B 1) 25 FRORE B

2 HR5Hr

2.1 HEFFEHFH-FREBRRBEHTNE R
1 UK IR R IR Pl R i R e JBE R AR Rk
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Table 1 The order and parameters of autoregressive moving aver-
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