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R E25, L5)) TR Boruta FRAFMKIHIES, FrE ri XGBoost 15741 % Al 14 G
AR, MRARMHER R . REFERAFE RS AR T 98.18% 100%A1 97.62%. @it 5
ISR BN (SVM) FIFFE2>IHL (ELM) BRI L E /53], XGBoost 7 [ HERE %
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Spectral Authentication Model of Adulterated Camellia Oil Based on XGBoost

Gong Zhongliang, Liu Qiang, Li Dapeng, Wen Tao, Guan Jinwei, Yi Zongpei, Shen Piao

(School of Mechanical and Electrical Engineering, Central South University of Forestry and
Technology, Changsha 410004)

Abstract: To realize adulterated camellia oil (CAO) authentication using UV-Vis-NIR
spectroscopy, this study firstly prepared the samples of adulterated CAO by mixing different
proportions of sunflower oil, corn germ oil and peanut oil, respectively, into CAO. Then, a
homemade transmission spectrum acquisition rig was used to obtain their raw spectral data, which
was preprocessed and screened to get the characteristic wavelengths by competitive adaptive re-
weighting algorithm (CARS), continuous projection algorithm (SPA), and Boruta algorithm,
respectively. Finally, an XGBoost-based authentication model of adulterated CAO was
established. The results show that the XGBoost model has the best performance after the
preprocessing of SG- continuous wavelet transform (CWT (decomposition scale 2°, L5)) and
Boruta feature wavelength screening. This best model leads to the accuracy, sensitivity and
specificity of 98.18%, 100% and 97.62%, respectively. Compared with the commonly used
support vector machine (SVM) and extreme learning machine (ELM) models, the accuracy of the
XGBoost model is improved by 3.63% and 1.82%,respectively, and the specificity by 4.76% and
2.38%.:The study laid the foundation for the development of an adulterated CAO detection device
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based on UV-vis-NIR spectroscopy.
Keywords: Camellia oil; UV-Vis-NIR spectroscopy;XGBoost;authentication
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HEHERAFEEy 200~1100nm, BB 1Ay 32ms, $HHERECN 100 . 5%
BT, KA S KT IR &R AT I 40min, DUABITHHAER .
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FE R T A rh & ML AR B0t . SR A . PR &5 ) L, AT A 0 A RS
RIREL. Bk, NIRRT, ERREESEELHR (SNV). ZI0HEH IEMSC).
Savitzky-Golay (S-G) “FHFabE . #3)-F¥FigiE (MA). —Fr 33 (15'Deriv). —Fr &
¥ (2"Derive). SG-15'Deriv. SG-2"Derive. SG-IEZ/NIEARH (CWT) 257715347 61
TRALFE .

FE R4 5 MR AE K1) 204 B4 RS M B2 () T e 7, ARBF 5T LA Kennard-Stone(K-
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SPA | ] AR H TURFEMR . IR/, IRONAE S e il S5 (5 B I RUREE
BRI, 1B SPA BE4E S 1 KEETE R 1~30.
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PLAYETE 2068 AN AR B AR = A 1 2068 ANELPR. TR ALK 4136 N5, 1817
AR AR R 1A B E AR A B KB AR IE N Max_Shadow, 343 KT Max_Shadow 3%
KA BN E AR
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KI5 22U, BT XGBoost HIERA ST & GRS, KHFFLL gbtree
YN F5 27 2] 8825 37 XGBoost 7 i DAY ,

4k, i XGBoost Hik 5 H HRISCFEREML (SVM) RIFZFR 22 I (ELM) [
ROFAT X . SVM 4l FH R AL BEAR 2R . v 4 =R 31 7 T 1 e i), A S A2 ) i
PREUE WIZ R ST SVM BRI, ELM Jg Tl Z Mg, HEGIHER. M
RGP AR, ATCH Sigmoidal BREUVE N R U L ELM SR

R FLAHERR (ACC). REUE(TPR). 75 (FPRVE N BEAL 5 2KEE S N Fa b o
Hr, ACC RRFEFTA IEM /3 BRSNS B AZI LG . TPR AR EH 7 I v ali A5 i i
BEARK S S A 2B AS ELp], ARG TSR Al i 1 %50 BE J1; FPR AR ML IE 425
BRI IR AR S BB D AR AR B L], K6 TR B O S S AR . A
A (2) (3) (4),

_ (TP+TN)
ACC = (TP+TN+FP+FN)

2)

TP

TPR = (TP+FN)( )

TN

PR = (FP+TN)(4)

X, TP-IEMI A FONAF M IR AR KR TN-IER 70 2 0B O Z i IR A B FP-
AR NEZR I IFEAR SR FN-HER S B O A il R AR

2455

2.1 i Hr

FERBOGRE 2 & 2 . 76 200~1100nm S8 FE N HIL T 5 MR, Hrpgahn
A3 E 250nm 7o A7 Ak IR CEE, BT LGB A AE 430nm A A Ak 660nm 2o A A HH IR Wi U,
WAL AMEHATE 930nm A A7 Ak 1050nm A2 A7 Ak B R UACUEE o 250nm 7 A7 Ab W e = o
SEHELE RPN = eSS K= 72 42, 430nm A2 A5 Ab R TR ERE W, 660nm - A7 Ab I
i Ry-C-H AR ZE RSN A4, 940nm A2 A7 I IE A -C-H =20 /540, 1050nm 224 K
W S Vg g -O-H AR 21 (1) — A A 230 R i il it 4R 2 ) B 8 7™ 0 DL B AT X 47
DR L AR BT 7545 B 2 T B 2 RML 28 2 ) 7 VR 4 e i b AT 38— 25 bt .

Bl 2 B R s
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BEXT 4 SR 2> M LL MSC. SNV. MA. SG. 15tDeriv. 2™ Derive. SG-15'Deriv.
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RiNTA 6 KA H (2068) MR, HH A8 10 ANREE. Jaill A 38 54 S i By

4



o E AR IR

AN SVM i s D R v, e e o b A8 5 T R I 5 SR IE 36 5 6 I A #E Ty A SR a2k B e fIE T
AbER T e

WL 3, ZRE T 2 AL LG B SVM 2% il 2 D8 IR 52 CIAIE F MG IE AR HHEfF %,
i SG-CWT(LSFE & fabr i & th e LA T HAR T B )53, JRIRIFE T SG-CWT FiiAb#
AR T 2 A B2 AR IR IR 1B P TIOR (L1-L5), {BJR SEREE 70 il U 8 R0k
AR NP (L6-L10), ATMAE — L AN BB P RFAE I BB 00 Bk, 1K T i
RIS S AR RE o D5 SR e 37 R SG-CWT(LS) Fi AL B 7 i85 4T 20 H7 -

3 ANTR] T T A R 5 T I PR 36 UE S A 2R 5 A8 S IE A R

I K-S RIMEIL R 3: 1 LB AL EE 5 (1) 222 ANFE S G 5 2 I 24 SR
£, G 167 MR, HhaiZamBeS 47 MBEIMEES 120 4 KA 55 AN,
P ai ZmRE i 13 MRS 42 4.
2.3 RFAE B KR B AN A3 AR
2.3.1 FRIEPR KL R

CARS HVETE 1~60 K JiikidFEH RMSECV {HIEAW /D, 7F 60 5 RMSECV {HA
Wi K. T3 60 XIfERT RMSECV fH Nf/MEN 0.2084, [t 60 {0 % 5l 1 33
AN RAR B H A P B B AR I K

SPA BEAEILEHE 21 MEKEH KBS RMSE fH/NN 0.25968, 5 BARIGHR K H 1Y
Ji{H RMSE [EMEAR /)N, Rtk RMSE SR AR BT 561 21 AN B A B i e PR RRAE A

Boruta FFAEIEREF I IE S A RiE, 158] RE BLAL IS I o SR 20 61
#R. Boruta iBid 100 YIEACK L& itk AS & 5 Max_Shadow 2 [8] (B EAE1R4), K 47 MK
KA NEEHRHER A, 1954 MK E N A EEZERK, 67 MEKIE AT REEHE R
WA, H 67 MNATREEE KA S A A EE R K.
2.3.2 RS AR A
At CARS. SPA. Boruta /725 Ml Bl b AT R-E B AR , 70 DR K2 H B 22 4 e i
M 1.59%- 1.01 %\ 2.27%. XTECERA. ] UL, JE L0466 us ik B o LR R R K iE (3R
1), RIL CARS FEHUPRFER K E BEEPIETLAMEBE, SPA $EHUWRFIES KA = AN B
ML E BN I55), Boruta FEHURRAER K = B R IE R AN B, [FIBS X 3 Bl vk i i 1)
R AARFERATIS (B 4), 770 CARS #H%: T SPA. Boruta H ik i K76 7] WG i
BEESA T —imkt, 20T 400~900nm =E i By 445 L 5 2, SPA AT
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2.4 RTINS VPAd
2.4.1 XGBoost fi 714 [ i 451 45

XGBoost FAIFFHZEL n 77 2% STRERE (A EE 45 00 T rm A Y e, AN AE
W XEUELL 0.05 R KA SH g TR RILE, KRmERETE g fER
XGBoost BF L IKIE . 3R 2 45 T A FRFER A IE BB B Bl n B 75 EEA
L RS 2808 ST ) XGBoost AP TR AR IR 3 BT .

Boruta-XGBoost 84 (Tl 14 R e i, S Ze . RBUSER: R =T CARS-
XGBoost f1 SPA-XGBoost 578, 11 5% F 406 1 8 37 1 XGBoost A5 X 87 1 2% T pEAN Fe AR 1
HNEALR GR 3). NI PLNRE VN &5 FOBI 3 T LR . 5%, Boruta-XGBoost 157 1]
YA UET LS T 98.18%, i CARS-XGBoost 1 SPA-XGBoost HH 14N 96.36%, 4=t
XGBoost 58 IAERHZH (89.09%) Hifik. #RJ5 Boruta-XGBoost ] LUK %5 0 R &% I CARS-
XGBoost I SPA-XGBoost ] 92.31%& 3] T 100%, F &2 m T 26 XGBoost %Y

(84.62%). #la, EXDNHME E Boruta-XGBoost. CARS-XGBoost Al SPA-XGBoost 1
RRIA Y, = HPRE RN 97.62%, HE461E XGBoost B4 (90.48%) #HLILISH|
THIRRETE. FRSEEEY, Boruta k5 CARS Al SPA #HEL 1] LA 2 T+ XGBoost 174
XA S 6E 71, AL T Boruta {8 FRFIER K 5B T 2 B2 JOE R N BT
GRS .

ANE— BRI T ARSI LG T % XGBoost BRI HITERE, W 4 Fix. BT
x4 XEERTBORMOES, FHDERRERRE (N5 SBHERREE. o L4350t
BIZE 3% M LL B, CARS-XGBoost. SPA-XGBoost. Boruta-XGBoost 4% 5 1 1A 3] 1
100%; {H 243508 L) 1% FiR =M R KR e T FE & 83.33%, 14t XGBoost 15274
PIRE SN 50%.
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% 2 SVM. ELM. XGBoost F&% 2%k

A7V
FRAESE KPR 77k XGBoost SVM ELM
n ¢ 14 n
FS(&tHE) 0.2 147.0334  0.0039 82
CARS 0.15 256 0.1895 38
SPA 0.1 27.8576  1.7411 34
Boruta 0.2 16 0.1895 50

2R 3 XGBoost 7% il HRIE L Dy B R PEA FE A

— — oI T
REE MRS —mm men maE AR R ERE
FS 91.49% 94.17% 93.41% 84.62% 90.48% 89.09%
XGBoost CARS 93.62% 98.33% 97.01% 9231% 97.62% 96.36%
SPA 95.74% 97.50% 97.01% 9231% 97.62% 96.36%
Boruta 95.74% 99.17% 98.20% 100% 97.62% 98.18%
% 4 R T XGBoost 56l He b by BRI A % 5 b
‘ BLEET %
5k
ZOLep! FS CARS SPA  Boruta
1% 50% 83.33% 83.33% 83.33%
3% 80% 100% 100% 100%
5% 100% 100% 100% 100%
7% 100% 100% 100% 100%
9% 100% 100% 100% 100%
12% 100% 100% 100% 100%
15% 100% 100% 100% 100%
20% 100% 100% 100% 100%
35% 100% 100% 100% 100%
2.4.2 BRI EL

it —2 B XGBoost HAT 4 HIGE 17, XFEL T FIME SRS, Bl SVM Al ELM.
SVM 5 RL8 ot 47 28 XASUE AN PR AE 25 E AR RS R 7 ¢ 5 dly, W mosrE
RE ¢ My el SVM BRI E ST PG . ELM BEAY b iy TR JE AP 0 MU N Tl R4 R
AHPY, RN T INGERAARETEE N L 2 AP KIS ZME TN n, FinmiE
RN n/F8 ELM BB KR . SVM AT ELM 78 /R [RIRAE i K B3 4005 TR 6o o ) %
AR SHNR 2 fror. FELIEAE b, DARARBEAY S 4053 I S0 i) SVM A1 ELM B AL PEAfy
fabRanER 5 B, vl OLiE IS Boruta B2 RFIE IS @S2 0 SVM A1 ELM A8Y (1) & PEA F
FRIJET CARS. SPA LUK AP K@ AT, XBHRE/R T Boruta HiEREHA . itk
TR P Boruta 532 941 %F b XGBoost. SVM 1 ELM #57 [ % 51l g

XL 3 FIR 5 193], XGBoost IR FIHER R i . ELM B2 . SVM
RERY e 75, 1 =R A R BUE AR T 100%. EAKTT S, XGBoost 1R H K 5
ELM 1 SVM #RUAHEL 20 B4 5 T 1.82%A1 3.63%, Fitbrmlike 7 2.38%F 4.76%. +
W REY, T SVM A ELM A28, JET8 FEHR T I HE Y XGBoost A5 A 8 i A Wbl &
T —BRARS 1R 5 22 SR Rk LB S PIME (iR 22 VG L, DTG S8R T T 45 08 25 I IR S5 TR 2
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R 5 SVM. ELM Z PR 2 Oy R P4 F A

@HOTE R i S
TE Rl
FS 92.31% 90.48% 90.91%
SVM CARS 100% 90.48% 92.73%
SPA 100%  90.48% 92.73%
Boruta 100% 92.86% 94.55%
FS 100%  90.48% 92.73%
FLM CARS 100%  90.48% 92.73%
SPA 100% 92.86% 94.55%
Boruta 100% 95.24% 96.36%

345

ARSCHFFE T R K AM-1T WA AN e S r sty A S m B R 0 k. o, X T
MSC. SNV. MA. SG. 15t Deriv. 2" Derive. SG- 15t Deriv. SG- 2" Derive. SG-CWT
(L1-L10) 257735 Ak o fab BELE . 193] SG-CWT(LS)H LM FAb FEAC R e . 2R
J&, @it CARS. SPA. Boruta 575 TACEE f5 4 e ik AT RIE DA e, 192 7 A A
B IE D K i A s 2B X R3], Boruta-XGBoost £5 7 8 H A 4 % 73 g 11
BNER R, FEREMREE S NER T 98.18%. 97.62%F 100%. )&, &k
XGBoost #7454 FH 1] SVM Fil ELM BT 0Lk, #E—2PE0HE T XGBoost AJ LA 2442 &
BT ISR 7]; XGBoost A FERfZ S SVM il ELM BEAUAH EL 73485 1 3.63%
1 1.82%, TS IR T 4.76%8 2.38%. AHF7E NF L Sh-T] - L0 /it HE4T
MO Tl ATYE, AT RAR AR 145 Dy 25 T i 4 ) L B T A

e E BN
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