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I HMERE (Near Infrared Spectroscopy, NIRS) St/ .3 (Partial Least Squares, PLS) 45 & #& T KFEFF AN & & 3%
ERA KRR 18 IR AR & PO A M BB . 504 B3 B B I BCR AR (Competitive Adaptive Reweighted
Sampling, CARS) i &R K (Genetic Simulated Annealing, GSA) HiLAHLE & #% CARS-GSA HiExHBHH I 4
TR WRALGSRIATREE R E, FEGIEEEE 1557 MNMEKSAHAEAKR KL, FR28KR. WRALSREE
PAARTE I8 135+ 101 A1 245 A, @S [l ARG IR g e R K003 5079 0.988. 0.923 A1 0.886, I HRix%E (Root
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(Interval Partial Least Squares, iPLS) U7, Hip[a] [X [ {5t
/N3 (Synergy iPLS, SiPLS) U1 2 i X [ fhi £ /)N
i (Backward iPLS, BiPLS) )| & ik 0,
Te 4 H OIE M E N B FE 5 ( Competitive  Adaptive
Reweighted Sampling, CARS) VMRS KA IR 5L S
WAEHE (Genetic Algorithm, GA) P, LR K 5%
(Simulated Annealing Algorithm, SA) ! R #ELIL 5
PPV R EVEAR LS ST NIRS FRHENE KA H AR
OB EERF TP, fE NIRS & &7 1H
GA R HE KM RIE R KA Ik 6 77 © 43 20z A PS>,
{H GA fFAE R 24 0] 3 B AL I A 2R ARG

LR K (Genetic Simulated Annealing, GSA)
FEEXT GA dudt, @44 SA MIRE SR IHE
N EEREL, 5|\ Metropolis ILaNBIEFEEHIKIE, HX
FIH GA 58K RAEIFIN R T GA PR,
7E NIRS HFAEGE A3 77 T B T 80 1 i FH R P,
GSA fE5 iPLS. SiPLS 1 BiPLS AH%5 & TR HER KA
3 5 THI A PE BB AR 52 00T GAP, {E7E{# I iPLS. SiPLS
A1 BiPLS HEATARHIETE X AL, e DUIRE G il X A A7
TURWEAC flo IXEEAHH A AR LA I TU R K i B
GSA gttt &, MM T GSA FHER K A I RN
PERE

DRI, A St ok DA AT R 2845 g TR ) R 480K %
R, VAW VFA PUERIF R, $E 3T NIRS
FENL VFA PRI, JFf GSA 5 CARS M4 &
# i CARS-GSA Sk HEAT VFA RRAERKRE, A4
fift gk iPLS. SiPLS Fl BiPLS SUK i B0 e A i 2 o
AFAE TUAR B fU B T 8, 3 T R ER 6 2 <2 o s Y00 5 3K
A SR IE KA &, DLAR R VEA BRISRS I A5 Y 1) 2
KRG

1 #MR57HE

1.1 HmEXESHE

RIG ) FRAEFFE A RAEAR M K2R ARG I, g%
AW RIET = e @ e sk A F], R EEEE MG RIET
FUEP A FRE AR R A E4E, BRI E BT 4 %
b A AT AR SRR B R B 2 4% B S IG E . KR AR
1 FRFEFT HAR AT J5 — o SN 10 mm 1IFE
HESAH, H—Maa8r ZO0HHL (10 mm §35M)D K
WERREAT I & . Bl DAREFTF B REATHR . 238, JE3.
FEAT MG IR AW (8 14 (Total Solid, TS) E 11 1)
NIRE R B EURL, DASEEG % 500 L & B BEH E YL IE % 77
SRR ER BN BRI, AT HE R AR AR
FERF 2R3, JEFMERIN TS RN 86.02%-
26.62%- 31.22%K1 4.76%, % TS APt 111, HER
SR TR R BRI NG, 5 P EREE LI R B R
GEERIR TS IKE D HIN 7% 6% 8% 7% 7%. fEH
36t CHEE/KBHES, SHKASAI0L FH
IR RN 2E, AT 2 MR IRE R EARL:, A MK
BRI N 3.5 F1 7 Lo iR FE Hp A K S I IREEUR
P S N2 EAT FRERERE 2 W, TR ETRRBA R ikt b 7

GE5%. N T IREUE AR IER VEA IRFEHHEREAR, REXR
B it E EAE R R AR BT AR AT o 5 L K EEGE
BREE A 2 RITHE, BER 8:00 KK FEEE M 40 mL 77
BT 3 A 15 mL SOE S, FErREE 16 R B IEENE
TS WEAR S, X PRARESRE~EAREmM, T3 8K
MK 300 mL. 10 L KFEREMZERE G 58 2 RITFUARAFE, 3
TERFE 15 R, AHAMK; FETT R Sl & KR 155
A, F-20°CUKFE A AR

1.2 FEBIEFRE

ROV VR ORE U R S TR A R B 0 AL L
12 000 r/min £§-0> 10 min J& , B E & AR 43 FH Nicolet
A A Antaris 1T B8 B 30 20 4056 8% 4SO SR B2 4 i i3
ITIE S e A, e REVLE 4 000~ 10 000 cm™
(1000~2 500 nm) , 7}¥¥H N 8.0 em™, FEFhHIHE 32 K,
IR RAERE N 1g(U/T) , BRI —IR, BT
N 1 mm YRR A TE L B LT BEE . R FFE MR
BEREARENER T, BMERERE 3 R, B3 &kHE
T E R R S R G e o AR YIS B KB E N
1557 A, $dE S EEEN 3.86 em™, I BN
10001.03 em™, Z5 5 ECH 3 999.64 cm™s
1.3 VFANE

i 24818 GC-6890N S AH (il I e PR A R et
FEHVRWE) VEA WREE . R AMRiZEEE ST VEA bRl £,
Sl OB NI TR 5 T BRA IR IR & At
W, FEHEE KRR 6 FARFIRE, FHEA
[ 3R JEE A A 5 Y 5 3 %o I (1) S Deg B ) R o T A .
TR VA LI O B IR ) 5 B 5 PR OR B IR ) R4 b A, AR
L 0B 78 Y85 VR HP 45 0 IO T AR 55 AR 4 B i) 2% ) A oA it
2o WA B0 FEREFESHOGIE R 5 1 IR K BRI
FE BIEWOEAT VEA S 80E . KI5 25% WA R
ARG 10 0 1 HHATIRA, ZA5FELL 12 000 r/min &0
10 min 50 EIEW, B FIEHAE A 0.45 pm @R JE,
HUEGEAT VEA 3B 5E
1.4 FRMIERE
1.4.1 CARS Fi%

CARS HVESE T “iEmH A" MIEN, B4 K%
KFE (Monte-Carlo Sampling, MCS) . 8% ik & %1
1 H &M AIBCRFE (Adaptive Reweighted Sampling,
ARS) MHEEHRBEK T, H T/ (Partial
Least Squares, PLS) [R]H 5 E 455 EH 1R /N R — &
S EHE, HiEFET XWIEH T Hi%2 (Root Mean
Squared Error of Cross Validation, RMSECV) 1H 5 /M)
THEAF NI K. CARS 7EEMIE R F 5] N MCS
ARS 2 MBENLIFZE, e DLORIE B IR AL 1% 25 53 ) — Bob
ALK 2 K817 CARS Bk, A UCHRIE P K i
ARG HE 5 R0 H b JE 1 A OV = B R
T 58 1K 8 22 T 1k R I KA SRR B K, REAE L
RE Y B AR
1.4.2 CARS-GSA F %

CARS-GSA % LL CARS 3% i HORFAE I KNI,
K GSA HiEX! CARS ks Bt T s, LLGIER
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CARS i AR ZE I 2L, AT — D e
AP RE . CARS-GSA LA CARS ik J5RFF s s HONAD
K, BLPLS AR K 9t RMSECV 4 H bRk %, %%
GEMREAN B L RS K 1) =43 2 — AT Z 3k 2 AR R
WG, “17 FTC0” 43 BIZR TN s B 3 “ 27
“B7 EwSHIEHE. EFEVIGEE . BEEE, Hh
FOE N RABUE S, PATZ AR GSA . Z X
AR I Metropolis EFE S HlHELERE, 58 NIRS FEIEDK
KAk, ZIKHUT GSA FiEX CARS fLikss Bilkir
FARAL, k2 R S K SRR KA
#AT PLS AR, BeAE1S B s 1 B AR R PR RE .
1.5 [EYIREE T RITFM

TEFESL R IR VEA PRE R AL, Se 24 NIRS
HE RO B A ASOR P T X I K . DAV BR K
HR R TR fE A5 R R, F o DL AR TR AT
SRR BRI B b g, dEAT e misb BE 7 VAR Ik .
TEREAT HE UG TAL FE 7 ALk T, Jeff A Savitzky-Golay
(SG) ¥y Z ¥ &K IE (Multivariate Scattering
Correction, MSC) . FrifE IEN|AF#t (Standard Normal
Variate, SNV) . —r 3% (First Derivative, FD) 1
B 5 30 J 2 Bl O VAR 45 G b AT eI AL B, ST
Sample Set Portioning Based on Joint X-Y Distances
(SPXY) A4 AL 5 ' ik 4% — & LU Rl 3 R IR SR
AFNIGUFEFEA, FHET A1 T PLS BRI
BEARIPERE, R TR IELRFIIM R Z E O IR
AR AR RUR FH 1) e il b 2 7% . 285, PR
CARS-GSA XA VFA BEATRHER A, FFHET 55
R A BRI [ T 5 22 ST 0 i N A AR AR YA T R
P AEF A BT S LR . IR AL R T
R PLS [FEAZ B . 5, SRR IE Y€ RECR? ).
IUERE REC R, DR IEI /7M1 % (Root Mean Squared
Error of Calibration, RMSEC) . Flill¥) /7 #i% % (Root
Mean Squared Error of Prediction, RMSEP) FIAHX} 43 #Ti%
# (Residual Predictive Deviation, RPD) X £ 1A [ 1
REREATIFAY. R CRZFIR)D I RPD [{EAA, 7R
%% (Root Mean Squared Error, RMSE)  (RMSEC Al
RMSEP) [/, BERAREE . R* . RMSE f
RPD fiHHA XN

Rzzl_Z(yi_)’}i)z Z(yi_y)z QoY)
i=1 i=l

RAASE:/ji(y,-ygz/@ 2)
i=1

RPD:\/Z(yf—f)z D =) (3
i=1 i=1

Ky, R NFERIEAE, P 258 DA TN
1, yelETFHE, nerERMN

R EFAFCE AL . BEARER . B K
PRade 2 (Al AR R F G S5 4 5 7E. Matlab R2012b P&
HSEI

2 HERE5N

2.1 REHFESW

16K 2546 GC-6890N AAH (o i S0 i 155 /MR
TFEA) VEA IREERS, 193] 81 A LRIKEEA S
78 TR BRI FE A OB AN 87 AN BRI B A R (R
WENCIR. NIR. TR 5 TERAST IR & 5
FD o WFIRAFI VEA FEAA 8008 FE A 247 DY 4 067 25053
Mr, FELHIFRZEWE 1 TR,

é%l

LR Acetic acid A& Propionic acid %% Total acid
T H Item

B 1 #HA VFA REMEAE
Fig.1 Boxplots of Volatile Fatty Acid (VFA) concentrations
for samples

HE 1 A5, ZEFEAREMRIREXE SRR, W
R A S Al i TP AR IR B2 X85, L R A 0 AT EL 48 20
LR A 5 7 2 ) R R FE T RAAUR B 7P R 7= H e
SPAT 1 HR e TR e % S IR AE R BRI AL D R e A
AAum, BRI B (TR RN R ) A o B T
ELEER) 1 BRI FE A

SR % 6 U X 3k o ST T 0 St g A 4 SRR B, S S
B3 T 4 e T AR R B 4 933.02~5295.57 em™ ) 95
PR, HHERT 1462 NE K S HE T LR
PR TR A TR [ DA ABE AR, S o AN [ ' 1 9 Ak B 75925 S 1) [
VAR A M e kAT VP o 22 0 B L LS 1 0 SR VR B 11
TSR B 6 1% FAL 2 578 MSCH+SG, A R [H] I A5
AR B e AL R 5398 SG+MSC, R [m] - 5 7Y
SE IR 5638 95 4h B 7 5 FD+SNVA+SG o B 5 46 6 i
R TRAL B IS ) 2188 P9 R A T2 6 T B4 14 240 4
Bl 2 fse

#<J% Concentration/(g- L")
O = N WA LY 00O

IRE e

J5 4f 1% Original spectra
1014 933.02( fi LB Acetic acid
3 [} 529557 7% #Propionic acid
g 7k \ ' A Total acid
2 ™
£ L -~
S 4 oy N
<
"
P
= HF
5 ) 1 | L 777

- Il
4000 5000 6000 7000 8000 9000 10000
B Wavenumber/cm-!

B2 H&kiEsiE
Fig.2 Spectroscopic data of the samples
X 81 AN LA i ) R 46 H 1B AR R 4T MSC F1 SG
WARELS, A SPXY K45 60 MR IELEFEAF 21
ANIGUFERFEAS; X 78 AN BRI i 4 o' vtk B i A v st
1T SG “FIg 1 MSC &b ¥ S5, ffH SPXY K44 60 4~
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REIEEREARD 18 NI UFEMEA; X 87 /N AERFE S I 5
I GIEBHR K AT FD. SNV F1 SG “FIgabH f5, fd
SPXY ¥ERI 4 70 MEEIESEREAFN 17 NIFEREA, £
IR R AL BRI B E IR 1 BN,

WK AN Bk HE e 20 A 2R AR A I IR T o ) 7 50
HEG P RECN 30, B KEES 142 B, B
PLS [Al 9484 ) RMSEP k78 &H/MEA 0.116. KA
RMSEP fz/M TR 142 MK SEA CARS500 ik
1) LB IEBE K

Fz1 H& VFAKE
Table 1 VFA concentrations of the samples (gL™h
FEA Moy FEARH CPIME RO BUME ARdEmZE
Sample  Component NS Mean Max Min SD

s v 60 2.859 5.240 2049 0911
Calibration AR 60 1.132 2714 0.512  0.463
set sy 70 5.253 10.095 0.424 2.492
Wi v 21 2.683 5231 2.067 1.079
Validation [ALicd 18 1.112 2.344 0.516  0.442
set puyivd 17 4.777 10.088 1.054 2.532

#¥: SD /& Standard deviation [14i 5, NS J& Number of sample )45 o
Note: SD is short for standard deviation, NS is short for number of sample.

2.2 4EERAKMIE
2.2.1 CARS 4F4Ek Ktk

TEffFH CARS % TR R R ARFAE ST, Sedh
1T 500 %4k CARS Hi%, FHZE Sk ko 8 1) 77
1B RMSEP f/INF 0] B FRIRFAE P AR 1B 45 SAF A CARS
FIEES K (324 CARS500) o 4T 500 ¥k CARS Hi%
BB ORFFIER K 383 ML R R, FHE, &
Bl 2 WRMER K BN 4 416.19 em™, XN % 2./R-CH;
FFRH AN, HEhIRECN 457 W P RBIR L HEE
TEW K S EEHATAE 4 000~4 6004 750~4 9305 300~
5500, 5750~6 050, 6 750~7 100 17 500~7 800 cm’"
Xigk, Hrh4000~4 600 con™ Xf N % £ FR-CH, [ (1) 41
H 4, 4750~4 930 ecm™ KRN FE C=0 FI-OH 3R 4L &
i, 5300~5 500 cm™ X% -COOH % [41f)— 2 547,
5750~6 050 cm™ XJ N #-CHs £ 1) — 545, 6 750~
7100 cm™ KR #E C=0 MI-OH A ) — 541, 7 500~
7800 cm™ Xf M #E-CH; 3£ 11 — 5 4. CARS500 fik

0.25 Fromeesenseee: R YT IRERMSECY 1400

I T4 77 f15% 2% RMSEP -
& lessss B H ed3 =
g 020 _g Number of Wavelengths(NW)y+-+, " 00 %
[~ ) ; o =
e o T =
i 2005 2
B = o
g 0.15 =B
B 100 2
= 3
S Z

0.10 Olle i 0

0 50 100 150 200

J%E 1 UK B Frequency of selections

B 4 RMSE. EKEEA ik RN X F
Relationship between RMSE, Number of Wavelengths(NW)
and frequency of selections

2.2.2 CARS-GSA 4F k% KAk

TEAF A CARS-GSA ik & B £ BRHAIE I K BT
PL CARS500 HIEM 142 K i NS K BEHLAE R 50
A G OAR K AT IR, AT GSA BEIEATRAE K
MIARE . GSA BHERIMIEE ZEH 100, BiR
ZAHH 0.9, BEALACEEL 100, 28 XAEREL 0.7, A2 51K
REL 0.01, ARk ARLALEI 10, ELEHATHIE 50
W, PRIE R SRR P A Ak 35 LB Ry Kt
14 4~ Hrb, W 4057.49. 4319.77. 4 354.48.
435833, 4362.19. 4366.05. 4408.48. 4412.33,
4416.19. 4 420.05. 4 531.90 F1 4 539.61 cm™ Xf N
-CH; R H A, w% 4 925.30 cm™ XN C=0 F
AL A4, P35 311.00 cm™ X B % -COOH 3 [4] /1)
— 5. CARS-GSA MRIEFRHEH K 5 48R3 61
WE s FiR.

Fig.4

ALK S IR sl 3 for.

w
A %'t J% Absorbance 1500 5§
357 [ ki Frequency 1450 5
£30 {400 5
£, ! 1350 &
0 : 1300 3,
: ! A 1% &
= 1.0 N m \‘\ T if
02 ” ” \M ********* 150 =
0.0 “ - ‘ 0o &
4000 5000 6000 7000 8000 9000 10000

% Wavenumber/cm™!

B3 CARSS500 #ik LEAFAE KK
Fig.3 Characteristic wavelengths of acetic acid

selected by CARS500

RIS H IR BN, CARSS00 fLid Rk J5
K@ sidEfe, @57 RMSECV. RMSEP FlIjk K i/ $ bt
BRI R R, WE 4 FiR.

f & 4 A1, RMSECV Fifi#5 16 H K sl S s

ek b RS> . FRAR A ET . e R R
AR, HApK SN 120 B, RMSECV 1535
/AME 0.163, X8 H 5 3% IRECH 39 k. RMSEP Fifiik H

400 M )% Absorbance 750 %

354 T ¥ Frequency 1455
8a0f 1352
230K 1354
£25 130 5
£20 135
1% 15 128
5 15
=10 105

(ORTl| [  1 E e — 5%

0.0 0 =
4000 5000 6000 7000 8000 9000 10000
% % Wavenumber/cm™!

B 5 CARS-GSA fLik LERAFIER K
Fig.5 Characteristic wavelengths of acetic acid
selected by CARS-GSA

J953 it CARS-GSA MLIERHE R K @B RE, 25T
RMSECV. RMSEP 5K SA B Ix R KRR, WK 6
Fim. HE 6 Af%1, RMSECV #1 RMSEP Fifiik i K
NG IR E RG> . TS REEE
L THHIEas, {H RMSECV [ /MEZF-F RMSEP HH.
RMSECV s/ MEX R s 8Ch 54 B & IRECH
26, RMSEP f¢/IMEXS M I3 K 80 135, EREEHP IR
BN 10, BEIHL LA RMSECV f/INiff 8 SR 3 K 7 :0%%
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5y FERABR = A A T I . [RIk, 3E$E RMSEP
/NI R 135 ANk R KAy CARS-GSA Uik &
FREFAEP K . I 3 A1 5 # RMSECV 1 RMSEP /s
X EE AT %0, CARS-GSA LI 4 E I K o Ak 1 e 1
T CARS-500 fi @i fE

0.40 -
o3sL L T AT XHHE TT R ZERMSECV
- I TR 77 HE3% 2 RMSEP
E 0.30F
§§ 0.25F
m
020
Ly
05k
0.10 ' s ! . .
0 30 60 90 120 150

R
Number of wavelengths
B 6 RMSE 5ikk#&H 5% %
Fig.6 Relationship between RMSE and NW
2.2.3 ARk KRR R

15 EiR 54047 CARS500 Al CARS-GSA #EAT AR
FUBRFHER KL, 152] 101 NABRKHER KR 245
MBI . OB TR R FRFFAE S K AR
wE 7 Bios.

B 7 7T, VFA BREH K 4HALT 8 000 cm™
PLR B AR R AT X 35k, Hod 4 000~4 933, 5296~5 600
H1 6 600~7 200 e [X I 40 A (AR IR I K e £, X 3
T TE U5 B A S T E S AR SRR R o) R R I
Xk PHERAFIESEKAE 4 100~4 500 cm™ XA 53 1,
Xf N % -CH, Fl-CH; 3£ 4L 445 76 4 000~4 900 cm™
XA 7 4, KRiFE C=0 F-OH FEPIMAEH,; 7
5300~5320 em™ XA 2 4>, XN #E-COOH [
—IRAEH: AE 5670~5700 em™ KIKAH 9 A, XN E

A, X% -CH; 3 [ 11— 25 4; 7F 6 860~7 060 cm™
XA 17 4, XN #E C=0. -CH, Al-OH [ —Zf5 4.
FREFIEPKAE 4 000~4 720 cm™ XA 139 4>, KRi#H
C-C. C=0. -CH. -CH, M-CH; I A &5 {E 4 800~
4930 cm™ [XIA 27 4>, MR C=0 FI-OH HFARIH A
s 1E 5300~5 380 cm™ XIAT 19 4, XFR#E-COOH %
B — R A, 76 5930~6 010 e XA 11 4>, XM
#-CH. -CH, f1-CH; £ JI 1 — 5 4; £ 6 590~
6 600 cm™ XIHFA 2 4N, XRH C=0 FEFH M —F A5 E
6 730~7 200 cm™ [XI5A5 47 4™, X}M#F C=0. -CH. -CH,.
-CH; fI-OH [ {540, JBiL bt 48 NERALE IR EE
HEB K AT 1, CARS-GSA 5 CARS500 180 435 AE i Ko 45
BA R —3ME, CARS-GSA H 251+ CARS500
TR A R e o B D (PR DG R 22 B K A

13

{ + L@ Acetic acid
10 - ; % Propionic acid

| ! A Total acid
4 U % Md_\
A - 3% j
-5 L ! | | |

4000 5000 6000 7000 8000 9000 10000
1 % Wavenumber/cm™!
B 7 VFA4ER KRR LR
Fig.7 Optimized results of characteristic wavelengths for VFA

2.3 [EVFAEELEMN S50

RIVEN 2 P AR R VLRI RE, LA CARSS500 F
CARS-GSA ik J5 MR ESE K AR S AE A PLS B AR (1)
BN, EAHW VFA EREEABE, Jf5 e d@iss R
(Full-PLS) . HiJX CARS GE1T 10 WHUERFELE ) ik
FEAE DK VAR RO AT X b, 25558 2 B
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Rapid determination of volatile fatty acids in biogas slurry based on near
infrared spectroscopy

Liu Jinming®*3, Guo Kunlin?, Zhen Feng'?, Zhang Honggiong*, Li Wenzhe'*, Xu Yonghua>*

(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China; 2. College of Electrical and Information,
Heilongjiang Bayi Agricultural University, Daqging 163319, China; 3. CAS Key Laboratory of Renewable Energy, Guangzhou 510640, China;
4. Heilongjiang Key Laboratory of Technology and Equipment for the Utilization of Agricultural Renewable Resources, Harbin 150030,
China; 5. School of Electrical and Information, Northeast Agricultural University, Harbin 150030, China)

Abstract: Volatile Fatty Acids (VFA), serving as important intermediate products in Anaerobic Digestion (AD), have been
considered as the key variables in most AD monitoring strategies, as they respond to incoming imbalances, indicating the
buffer capacity of digesters to process disturbance and imminent digester failure that caused by sudden operational changes. In
order to ensure efficient operation of AD while improve the utilization rate of raw materials, it is necessary to accurately
monitor and evaluate the operation state of biogas engineering, via detecting the concentrations of VFA in the process of
biogas production with corn stover and animal manure as feedstocks. Previously, the rapid detection models of Acetic Acid
(AA), Propionic Acid (PA) and Total Acid (TA) in biogas slurry have been constructed, using the Near Infrared Spectroscopy
(NIRS) technique combined with the Partial Least Squares (PLS), aiming to overcome the time consuming and high-cost in the
traditional chemical analysis method. However, a prediction model can trigger the high complexity and low accuracy, due to
the spectroscopic data generally includes quantities of invalid redundant information. In this study, an integrated algorithm was
presented, based on the Competitive Adaptive Reweighted Sampling (CARS) and genetic simulated annealing algorithm
(GSA), to optimize the characteristic wavelength variables of AA, PA, and TA, and thereby to improve the efficiency and
precision of NIRS detection models. An AD experiment was carried out with corn stover, pig manure and cow manure as
feedstocks, where 155 samples of biogas slurry were collected. The NIRS data of biogas slurry was acquired in a transmittance
mode using the Antaris™ II FT-NIR spectrophotometer equipped with a quartz cuvette. A Gas Chromatography (GC) system
was used to measure the VFA of biogas slurry, where 81 valid data of AA, 78 valid data of PA, and 87 valid data of TA were
obtained to establish the regression model. One segment of the spectrum with 95 wavelength points was removed from 4
933.02 to 5295.57 cm’', and 1462 wavelength variables remained, mainly due to the saturation of spectrum can be caused by
the strong combination band of -OH from water. The spectral preprocessing methods were selected, according to the mean
relative error of calibration set. Correspondingly, the samples were divided into the calibration set and validation set, using
Sample Set Portioning based on Joint X-Y Distances (SPXY) algorithm. The number of characteristic wavelength variables for
AA, PA, and TA were 135, 101, and 245, respectively. The PLS regression models were established with the characteristic
wavelengths of AA, PA, and TA, where the results were the coefficients of multiple determination for prediction is 0.988, root
mean squared error of prediction (RMSEP) of 0.111, and the residual predictive deviation (RPD) of 9.685 for AA, coefficients
of multiple determination for prediction is 0.922, RMSEP of 0.120, and RPD of 3.685 for PA, coefficients of multiple
determination for prediction is 0.886, RMSEP of 0.727, and RPD of 3.484 for TA. Meanwhile, compared with the whole
spectrum model, the RMSEP in the CARS-GSA model decreased by 17.78%, 15.49%, and 1.22%, respectively, showing that
the number of wavelengths significantly decreased after the optimization, whereas, the performance of regressive model was
obviously higher than that of the whole wavelengths. The results demonstrate that the CARS-GSA model can fulfil the
requirement of rapid detection for AA and PA concentrations in biogas slurry during anaerobic fermentation with agricultural
waste as feedstocks, while basically meet the detection requirement of TA concentration. The CARS-GSA model also can be
used to enhance the forecasting capability of the model, while reduce its complexity. The findings can provide a new way to
improve the accuracy and robustness of prediction model, base on optimizing sensitive wavelengths for AA, PA, and TA,
further for rapid and accurate measurement of VFA concentrations in biogas slurry.

Keywords: anacrobic digestion; volatile fatty acids; rapid determination; near infrared spectroscopy; partial least squares;
genetic simulated annealing algorithm; competitive adaptive reweighted sampling
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