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T#H IE xEHE #BAIL F X
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M OE RN T RTINS TR B R AR B AR DT 1, R Antaris I L HL AR T
LIAMEIESGR BRI R R R, & B REZRTE 10000 ~ 4000 om™ Y1 16 P A4 Y635 00, (RS SR DG L B ok
RN RE 45 FE AR B Y6 2% B (Optical density, OD) {E; i H 38 4+ Pk B & W 5 i1 AR £ ( Competitive adaptive
reweighted sampling, CARS) B EFFAE G , FHA ML BR 2% 2I Bl ( Extreme learning machine, ELM) &7 % &)
AR 4 A BTBERY /2B BFFEA R R, 25 CARS-ELM BEASEE 57 (5K A H0h 30, 310 Ya AT
FEVN R AR IR EE 1 PR 53- 51 A 98. 68% H1 97.37% ., BT 45 R F B, FI T 21 /M BiE A Hr R &5
A AT R S T AN IR R T A G R AT AT

KR BERFE; IRLLAMGIHE Stk B EIACRAE D ; MR STHL

1 315

TEABRAE IR W B = () K IREE T | 1) P T B T A T 26 40 7 I AS 1 S R R A Rl e 5 [ H R
FE Tl A Pl A v | T 2R A AR 0 S 3 & i LA AR S E A L B TR ARG A ik
FEZA MR AR BT TR A, Xy BRI e AR UL PR (A T 2 R 32 A
NS ES A S N R el i B R DR U S T

ELLAMEIRAT T2 AT ORI TR 2L A6 2 i) 0 G I, HOG T {5 B 2ok A A WL h & S B A
W55 5 A IR MAL , A [i) 6 AT 8 ] — S A P AR [ A 2 B 5 b 118 30 20 A/ AT K 5 i B A I I 22 1), 38 1)
FHILAYEASEG BN RS 7 R R R R b B P A L R P TR
FASEA ) AR, O — 22 R AT LTSNS S AT B R X A W ke AR TR IR R R A
Py ity B SR TR JBOAS TR EAR A R Y AR A S LT AN S BT AR A o AR K R B S
PREE T T A HRIE . KRB RI R LAMGIEE B MR 280 Ve AERHIE 5 & 1%
PR S A AL T AR RE i R AR i ik B K AR R AT SR TO A B AR B M TUAR AR i
KAF 2 AP E R H AR R B R AR AR 2 R i X i A R B
AT T, TR AL A B B 7 o DRI, 72 R I £ 40 i o AT B A G e o T A A e R R A o 1
BT S RERRAE Ak 2 2 R (R e P 5 D Ak S 0 T B, B M e KA I 45 ARG T L IR, AR
WFFEEE A TR 2L S AR R A B T AR K R R 3R 7 v . SR ISE 4 1k 1A 38 1 fINBCR A
( Competitive adaptive reweighted sampling, CARS) 515 i 2 T AL PR )3T Z1 AN ISR AR D% K, 9% 05 AL
e B2 2T ML ( Extreme learning machine, ELM ) &7 JAE AR K A2 4 ANIHYT R BIAR R S8 T F1) T
ZLANGTE 73 BT B b A I e B T 2 ROIR S

2 SCIGERSY

2.1 BEEEEFREERE

2.1.1 BBEEMT KRIEF N EEmEEYRHA RA A G SE Tl & ERERERE R 1 mL, FERCH 22 2F
TG FRHE AR5 R AT B TR R R D B 35 32 B TP oA T8 KBS 37, B U RO L R AP I R AE A
—URAEFI AR, LR IR BN RE R PR 40 mL 455,
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ARSCRILHAE HRBIAFE ST H (No. BK20140538) A 1+ )5 ) 52 3£ 45 ( No. 2016M600381) IT35 48 5 4% F AR B 98 i _1- 35
(No. 16KJB210003 ) FIVTI548 w5 A= S BT RI30 H ( No. SJZZ16_0193) B Bl
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2.1.2 BEBEMSEESR BREY KRESRE R, /557 3 4250 mL 2 MEEA 125 mL JCHZ%
ZEFREFRIEM 0.5 mL BERE TR B, 00 3 bR iC R T DRI, Bl A e TR % 45 3% 40 v 4 S s
572 h,RJEVE K 28°C  FEHCN 110 v/min, $RLA 7 RALFEAT 6 HEEERF TR 1 555056

2.1.3 BI\RE FERAERFRER D NIRRT 4 h REE—IR 3 19 ASREER T 2 (ED O,
4,8, oo 72 h) o N TR BT 205 R A RN R BEE Y  SRFER K 19 AN REREFR] 255 R
=55, B0 ~24 h 28 ~48 h 152 ~72 h B[R] N B R AR MRS Sof [ AT i Ay, Sk A gL 5
BRI 3RAS 19 MREARSE . SEIET 6 HLSCE, v RS 114 MFEA

2.2 HiERE&E

K0 Antaris 11 # B A8 B 21 AN EREIL (S5 Thermo Scientific 23 ) ) A4 175 SRR AR 4 REA (13T
LEANCTERIE . R RAERT % IR AR AE 25°C A fr T FEAE 2 . AR MR FHDETE 5 mm bRt
B ERRECK 32 R, HREN 8 em™  FREIEEGE R 10000 ~4000 em™ , AEAFEACREE 3 Wk, BULF
BT Rz H A I R R G
2.3 FEEMmENZE OD &

FEREAR G2 B ( Optical density, OD) {EINE B, B 5644 UV-2204PC RUER AR AT UL 43 Y66 B 10 4 %
BN 600 nm, BEIEFRIM N 100% ,BOLFEHN 1 em FLEMEEA 3.5 mL JCR 22 28R SRS % B4, BEAR
VW2 0.45 wm JERSTUET B A L@ LI OD (8, A REAII R 3 Y, FRICHOE I . A REAR I
Wt B, T AR RS FREA T {15 OD {EAR45E 0.1 ~0.65 Zfa]) "' |
2.4 HESWHIE
2.4.1 ZHMAENEMBREEE N TIHBRGIEAE B2 B TUR RGBT 2 a8
PEATAR w e, ek B 16 B F AR AL ( Competitive adaptive reweighted sampling , CARS) &4 ik
IRSCHEARIS 38 A A7 RN o SRR R R IR B AL R £ 80% MY REAR , N7 M A /N TR Ik
(Partial least square, PLS) %1 {3 B8 0] ) 22 Floafe X B R A A A5, RIS S BRAGER /NI K A, Z2IRER
VeI, 1t A2 RIS 5 AR 2% RMSECV fie/ NS 14 | RIS ERE il A L7180
2.4.2 RERZFIINHF S HE *ﬁﬁ&%}j*ﬂﬁ{QE\‘( Extreme learning machine, ELM) S N e R
T RSB Huang 251 4R H 1 —FREE XTSRS 5 2 AT 28 45 (1022 2] Bk . Bk e R ML= 2B S A2
5B 2 Z R B BB R B % 2 A0 22 0 i B, O BAEIZrad B rh e R, AR B R E 4T
FIAB, 3 TT LASRAS ME— R B i, FE R T 15 Go o 28 W 261 sk B | 5 B A SR il dee A0 g T >0, -
FLaf S PR 2 AP R A SRR B TR A 2 4

3 AR5

3.1 RiEDH

PRl T & B B2 R AR 1R BROK L A 55 R FAL A R Sl i >, b ik Ib B i
FEEMR WO BEAE 6298. 4 ~5650. 4 em™ Z ], H 5 ) 32 BRSO BEAE 6506. 4 ~6776.6 cm™ Z i), 1
(4 BRSO BETE 7154.6 ~6954. 1 em™ F119997.2 ~9981.7 em™ Z 1'% [&] 1A o Fr g 55 5 & Tk
BEAR B SR AR PR 1 AT L S [ s ) B P e T 2 IR R A 11 Y 3 W A i R A 15 Sk [ 22 ]
TR B R AT A W A WSO BESE B A, ARG b S e T B 1 355 95 A P R A LA & 0 O ol
AR, 3R ITLTAMGRE ST B A T R B & e B s P A T B 6 T SR

ST R T P T A ORE A O O A R R SR B G B R e, I 5 R FH A v IE A AR AR
(Standard normal variate transformation, SNV) Xf JFARGIE # 47T TAL PR 12 7 B0l A UH R IRASHEE M &
TRURL SRR AR AL A AN R R G R AR AR 22 SNV FiAL G N 1B FIiR
3.2 BEREEKMERERES

R T TR S B PR TR ) Bh A AR I R A ST AR I 4% SR AR B E] S BTN A RE A OD (R4 1 B
FAERIZ, i 2 FiR,0 ~8 h AEERE R A K IR ,8 ~28 h MEERE B AL K A X401 ,28 ~60 h
TR A K AR E 1,60 ~ 72 h MR A A T ARG b S B T RERE TR Y 4 AR BB,
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Fig.1 Raw near-infrared (NIR) spectra (A) and standard normal variate transformation ( SNV) preprocessing

spectra (B) of yeast cultural media

FERCHRURG G A v, 5 T 4 L5256 2R BUAY RE AR 25

PRI ZRAE 5 Pt 5 30 3 B A% A A g 7 Lol PR
B TREBBERIE, 2 1AM TREHEAK | i/ s o
PR SRAEMFTATREA Y OD (HZEMI AR ARG £ 1SRt —
P L = 1o
3.3 BT T

el 3 LI T T CARS B33 0 U4k B 196 3% T
PEATRAIE I K TR A FE . DNIE] 3A ] UL Bl & SR AE 00 8 1|(, 24 3‘2 4|0 4|s 516 6|4 72
VORCHE I, Bl 3% B 1 1< 2 S MO0 e 800, 7 Incubation time (h)

M BT CARS FVEAESA T I X6) A8 15 oRH 6 VRS 226 1)
i f, K 3B 2 CARS R R, 58 B R UE 7 il
R 25 (RMSECV ) Fifi R A B 1 22 4615 5 . LEI3 B
1 BEAS OD (HAENZRBE AR AE TP GE i ik

Table 1  Descriptive statistics of OD in the training and testing sets

B2 EeRkm AR 2
Fig.2 Curve of yeast growth. OD, optial density

HHFEAE OD value

FEAAE FEAKL o o o
Sample set Sample size FI1E S ONII R/MH Bt 26
Mean value Maximum value Minimum value Standard deviation
R4 Training set 76 1.397 2.150 0.123 0.780
KL Testing set 38 1.408 2.150 0.125 0.792

AL, 2 RFEVRER Y 28 B, RMSECV {E ik #H/N(0. 1736) 5 i, AR K AR 4500 30, BATESE
T X A A A AN 4 Fr s, X b AR 0 BE AR B A NTR W A3 7 f# A . 5650. 4, 5932. 0, 5935. 8,
5939.7, 5943.5, 6059.2, 6159.5 1 6298.4 em™ T C—H FEA— A% 3l W I A% I8k B v il
6506.4, 6564.2, 6583. 8, 6587. 6, 6595.4, 6599.2, 6618.2, 6695.6, 6699.5,6768.9, 6772. 8 Fl
6776.6 cm™ K N—H FER4E R sh 1 — AT ; 6954. 1, 6957.9, 6996.5, 7089.0, 7131.5,
7154.6 cm™ F19981.7, 9985.6, 9989.5, 9997.2 em 430 TEEZE O—H FEEMAR RSN — 20 — 4%
FEARIRM I . 43 B SR T E 114 30 i 1 A8 S A9 0 50RT M1 33 S Y0 O 1 R AR R I B T R W v 1 2 1
5 iR A B AR oy N S BE R GE EE Be . PR, R CARS B 008 A9 RRAIE I K AR 1 B
U Ml S W B T s S o R v B B A HLAY B iR AR
3.4 ELM ¥|BI4E5 2 37 K Fui

VEFIZ: CARS BEALE 5 19 30 ANFRAFE I AR i dl S ELM H) SRS | 52 i i 1 A= 4 B B 110 e
ik, 7F ELM SO i B H RS B8 K R Re 224, Btk 7F ELM B
A Sy R T AT AR AR AR ALK = 10, I LA T Ry [E] R 38 in A 4 A5 A8 7 1] 225 4 Rl X 4 op
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4 CARS Azt e o A 4]
Diagram of competitive adaptive reweighted Fig.4 Distribution of variables (show by * * ’) selec-
sampling( CARS) variable selecting process ( A) change ted by competitive adaptive reweighted sampling ( CARS)
of the number of selected wavelength variables and ( B) method

change of root mean square error of cross validation (RM-

SCEV)

(1 PN T B A S Foe (S R M0 B, i T ELM Sk B A IR AL i BAT BERLYE, 1t
XA K P17 10 O, UL 5 IIINSCR B YIC R TR 2 b, R 2 AT, 2 K=43
I, IR AR A )P R T A 00 3 T 100% 1 99. 47% | PERESR AL, PRI, FR el K=
43, HiE ELM REKCHES R 10 YU T ELM, HAE VI ZREE (P22 T e 5 98. 68% T k4R
ST B B0 IE 828 97. 37 % , ARGF 3 4 TR BE TR AR 1Y 4 A B B A T 30X 45
®2 REEMEITNET ELM PERER IR
Table 2 Effect of the number of hidden layer neurons on the performance of extreme learning machine (ELM)

TR AER R Prediction accuracy (% )

pamms | BLK %2 % 93 % 54 % 55 % T H
JekH The first time The second time The third time The fourth time The fifth time Mean value
WL T watse Wgg WU W% WAE W% WUE UIG%E WNE DIG% DRt

TRS TES TRS TES TRS TES TRS TES TRS TES TRS TES
10 93.42 97.37 96.05 97.37 94.74 92.11 90.79 86. 84 88.16 89.47 92.63 92.63
21 100 97.37 100 97.37 100 100 98. 68 94.74 100 94.74 99.74 96. 84
32 100 97.37 100 97.37 100 97.37 100 97.37 100 100 100 97.89
43 100 100 100 100 100 97.37 100 100 100 100 100 99.47
54 100 100 100 94.74 100 94.74 100 97.37 100 97.37 100 96. 84
65 100 97.37 100 100 100 97.37 100 97.37 100 94.74 100 97.37
76 100 86.84 100 86.84 100 100 100 100 100 92.11 100 93.16

NNHL; Number of neurons in hidden layer; TRS: training set; TES: Testing set.

4 Fi

A5 I FH 2T A% 0 B4 AR S B B 1T 4% 35 0 AR 1) 3
TSI TRAE P AL , UL ELM B 22 oe 8y, fef a7 R i A 1 a7 e Pk 1ALt
ST AEH CARS HifiiEk 30 NMRHEJE ARt 5ELAl [ A9 RcE ELM $U3IARS ) 10 1K
HRIKEN 97.37% , KL, FHIL LM ERE AR

VYN
“HEa A

KA

IR0 T

ST o ASBTFESS R R o A R AR A DU R R T AR S H
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Qualitative Prediction of Yeast Growth Process Based on
Near Infrared Spectroscopy

WANG Wei, JIANG Hui“, LIU Guo-Hai, MEI Cong-Li, JI Yi
(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract To improve the yield of industrial fermentation, a method based on near infrared spectroscopy was
presented to predict the growth of yeast. The spectral data of fermentation sample were measured by Fourier-
transform near-infrared ( FT-NIR) spectrometer in the process of yeast culture. Each spectrum was acquired
over the range of 10000 —4000 c¢m™. Meanwhile, the optical density (OD) of fermentation sample was
determined with photoelectric turbidity method. After that, a method based on competitive adaptive reweighted
sampling ( CARS) was used to select characteristic wavelength variables of NIR data, and then extreme
learning machine ( ELM) algorithm was employed to develop the categorization model about the four growth
processes of yeast. Experimental result showed that, only 30 characteristic wavelength variables of NIR data
were selected by CRAS algorithms, and the prediction accuracies of training set and test set of the CARS-ELM
model were 98.68% and 97.37% , respectively. The research showed that the near infrared spectrum analysis
technology was feasible to predict the growth process of yeast.
Keywords Near infrared spectroscopy; Growth of yeast; Competitive adaptive reweighted sampling; Extreme
learning machine
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B S G e . S e S O i S e e e e O S M S S S e S e e L A A S S S S S e O i e 4

IHEBRRBE LI Avio® 500 ICP-OES

YA R4 45 T & AT, F IR R A F T 2017 457 H 6 HRAT2H Avio® 500 FHEHI & 4B F1K
RHTIETEAX (ICP-0ES) o X 3K ICP-OES &% Ay i S A il S5 90 2 11 16 19 22 JU 2R ToHL A AT i 45, 7T LA L X 464~ S5l i) 22
TR RIRE 5,

YR —FKELIE R R 26K 1ICP-OES, Avio 500 EL4& [A]20 8 AR IE IR, AT B AT /55 A9 A b 88 et FTBCHE WIS s A 1Y)
SEARI 5218 5 LR P IRAR P A THFE IR . TCIS R o6 2 0 Fh 2 A 3 B R 538, Avio 500 BT LAAG &8 XF, 458 1
Rl TAERF ST AL, Avio 500 [ T HEZ 24N FH AU, (R IR 58 A 1k (R HOZ g W IR G B0 ir ) b &
T2 T3 (R R ) % AT #%E Avio 500 ICP-OES?

“ B AR R AL SRR SRR 5 2 R T A SRR 22 S T 58 R R N B ORAG AN TR X H g 38 i TRk
o BT BETHREINACR 0 SIS B AR B H 4 R BN R T IR  DAS IR R 5 Wl ) S
Jim Corbett Je/EZRoR , N T X —R, TATHER T 2319 Avio 500 ICP-OES, £ LT A H B AR T— & i H T L4
N FHASUER , AT SR TR AR | [ FEAGE 1 7 AR
KHETRE

PLUR IHREME 1S Avio 500 EL#5 i # A HEBE . A48 T i B v B0 T A9 [ A B R AR T g R 5 908 FH A AR 31 alk 9
BARR T IEFER 48 R i pT AR B R T I SR MEVE L, JCIBRR R 2 A5 4, S SL T R T 0 LR A DU A5 1 v
NG

A PO TR K A AL Y T B AT SR SRR ST 32 M | 7 AR S AR L AL BT ] 5 Flat PlateTM “PAR 55 3 Tk
HAR AUHFERIZE = i — 2 S ST DU B 195 B T IRAE , T FE S SR 2 2 2 2% WU LI 4 A . AT [ psf ) 45
BT URIEA T 4 B R A i AR ORI, A BT R — R RE R A 2 AT i R S el K T R A SRR 4,
T HE PR T LIRS 2G5S s ; 25K U] ( PlasmaShearTM ) £ K . o7 @S, HIVA] T B 45 88 IR B IG F= A 1 =R
T, M H e LR 2R %8 T ( PlasmaCamTM) £ A ; 12 Bt & (G h %8s TR Sz 14, Mk iz & T
1R, RS WA T RE



