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Application of Hyperspectral Imaging Technology in Food Quality
Control and Safety Detection
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(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: Hyperspectral imaging technology integrates the strengths of spectral analysis and spatial imaging, allowing for
non-destructive, high-throughput, and simultaneous detection of food components, contaminants, and foreign substances.
This paper systematically elucidates the technical principles and system architecture of hyperspectral imaging technology,
with a focus on its advanced applications in the quantitative analysis of food components (moisture, protein, fat, carbohy-
drates), the identification of biological and chemical contaminants (microorganisms, pesticide and veterinary drug residues,
heavy metals), and the detection of foreign objects. Furthermore, this study investigates the critical role of algorithm opti-
mization in enhancing detection accuracy. It also identifies several key technical challenges, such as high equipment costs,
limited real-time performance, and insufficient model generalization. It further proposes corresponding solutions, such as
the development of lightweight hardware, the construction of cross-scenario universal models, and the implementation of
edge intelligence decision-making systems, thereby providing a solid theoretical foundation and feasible technical

pathways for intelligent monitoring of food quality and safety.
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Fig.1 Hyperspectral imaging system (a)"*'! andschematic
diagram of hyperspectral imaging system (b)
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Fig.2 Schematic diagram of three-dimensional data cube
collected by hyperspectral imaging technology
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Table 1 Application of hyperspectral imaging technology in food composition detection
B ke GG (om) G TIAL BB FAIEE ISR T B i) =B U
H#E  900~1700 MSC, SNV, BC,NC,FD,SD  RC, SPA, SR, CARS PLS [33]
L% 400~1000 SNV, BC. FD SVR. BiLSTM, BiGRU, CNN-BiGRU [34]
IKAEHR (PR 400~1000 MSC, SG. SNV SPA PLSR, SVR, ELM, PFA-ELM [31]
WL 4001000 SNV\SMSC\ FD. SD. SNV+FD, PCA BP. SSA-BP, ASFSSA-BP, Bayes-BP, [35]
NV+SD, SNV+MSC Bayes-ASFSSA-BP
B 900~1700 MC, SNV, FD, SD iPLS PLS [36]
BB WA 380~1018 SG. FD, SNV, MSC, MA PCA. ACO, FOACO PLSR. MLR [37]
R 886~1735.34 SG. MSC, SNV, FD SPA. CARS. PCA. UVE PLSR. IDCNN, LSTM, CLNet [32]
[E7S 450~998 MWS, SNV, MSC. SG1D C@%SP‘;F\;IISRSIX‘ PLSR [38]
s Wil 397-1004 o +SSI$VS§\YV f;gl%\ss?j\? sGap RARIEERE, {PLS PLSR [39]
EHK  866~1700 SG.MA.D-WAVE, FD, SD. MSC  SPA, CARS, PCA PLSR, MLR, SVR, ELM, ACNNR [40]
A 376.80~1011.05 SNV, SG, WT, VN VIP, SPA, XGBoost GBDT, RF, lightGBM [41]
WokEY " 913-2166 SG. SNV PCA. CARS PLSR, [42]
EXK  399.75~1005.80 SG. FD, MSC, SNV SPA., UVE PLSR. SVR, ELM [43]

B AL R B Z2I0HU A IE (Multiplicative Scatter Correction, MSC) | AR ifE IE #5748 7745 2 (Standard Normal Variate, SNV) | FE28 K 1E (Baseline
Correction, BC) , J5—1k(Normalization correction, NC) . — 3% (First Derivative, FD) ., .} 5% (Second Derivative, SD) . SG-F-1f# (Savitzky—Golay
smoothing, SG) . #J{E H.[:fk(Mean Centering, MC) . #3/1°F- (Moving Average, MA) . Daubechies/]NJ% 251 (Daubechies Wavelet Denoising, D-WAVE )
3 11V (Moving Window Smoothing, MWS) | Savitzky-Golay— 54} (Savitzky-Golay First Derivative, SG1D) . Savitzky-Golay —-[ 3% (Savitzky-
Golay Second Derivative, SG2D) . /N5 (Wavelet Transform, WT) . [ = JH—1k(Vector Normalization, VN) ; FEF I KR ICFBL: [5])9 R %L (Regression
Coefficients, RC) . % £ 5 512 (Successive Projections Algorithm, SPA) . ##5 [M11H (Stepwise Regression, SR) . 34+ [ 1 M T AR A (Competitive
Adaptive Reweighted Sampling, CARS) . F=i{434#f (Principal Component Analysis, PCA ) . [X [a]ffifi/]N 7€ ¥k (Interval Partial Least Squares, iPLS) .
{4k (Ant Colony Optimization, ACO) , 5B ISUAE{ /L (Fractional Order Ant Colony Optimization, FOACO) . J&fF B8 5% (Uninformative Variables
Elimination, UVE) , Bf#/L##:(Random Frog, RF) . k{04 f {5 B 25 5t (teratively Retains Informative Variables, IRIV) | A8 520 A BEAA 5347 (Variable
Combination Population Analysis, VCPA ), 78 %48 %3 [A] IS 46 9% (Variable Tterative Space Shrinkage Algorithm, VISSA) | 75 i i B4 $ 5 (Variable
Importance Projection, VIP) | #% 34 & # F+ (Extreme Gradient Boosting, XGBoost); 5% ffi#z/|» 3% (Partial Least Squares, PLS) . 37 #F[a] 3 [ )9 (Support
Vector Regression, SVR) . XW[a] K S 012 M 4% (Bidirectional Long Short-Term Memory Network, BILSTM) . XUa] | ] fG ¥R BT ( Bidirectional Gated
Recurrent Unit, tBiGRU) . #4122 2% (Convolutional Neural Network, CNN) | {f5/)» -3 [7] )5 (Partial Least Squares Regression, PLSR) , #3i2# > AL
(Extreme Learning Machine, ELM) | 4% 3-#; 53% (Pathfinding Algorithm, PFA) , BP#1£: /4% (Backpropagation Neural Network, BP) |, FREE 1 R A 1=
(Sparrow Search Algorithm, SSA) . [ i W #8iE KT RAE 18 R 7k (Adaptive Spiral Flight Sparrow Search Algorithm, ASFSSA) . N IH#ifiifk (Bayesian
Optimization, Bayes) . Z 704k 947 (Multiple Linear Regression, MLR) , — #3541 22 % 2% (One-Dimensional Convolutional Neural Network,
IDCNN) | KJEHHICIZ A2 M 4% (Long Short-Term Memory Network, LSTM) , # A1 28 W 2 K JH 1012 M 4% (Convolutional Neural Network-Long Short-
Term Memory Network, CLNet) | 14 & S Ll % B 22 /2% [11 )5 ( Attention Mechanism Convolutional Neural Network Regression, ACNNR) . £ $2 T} bk
M (Gradient Boosting Decision Tree, GBDT) . FHLA##k(Random Forest, RF) | 4% 2446 B # F+-HL(Light Gradient Boosting Machine, LightGBM) .
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PR TCHASHIN , FRAERMERIN e as Bl oA . m s s
ARAEE SRR G Y& B oI PR B T
SRR (B FEAS R S A o 4 1 TSR P BB
TEZES . RRMTTFE AT I B IR RIZFE AR £

TR R N TS S, DASAF R e ARG 4 sk
e T L
2.1.5 HAeh e s BT XK BEAE. JB.
R AR AL G 1) S5 AR B4 BRI A1, 15 6T A AR B
ARIEn] T dr e i b H A S Y T, 5] QA
JBT PR 25 ) o a2 LR AR U5 (R IR G ) o e =5 Mg D g
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4. DONG 5 455 @i iR 3R 5 BT 24,
JRIFN T A AR IR AN AR & B . GAMA
ST DU FRZH ARG 1 W SR~ P A AR D iR 7K
VL EARE L TR IR A SR b, i
AR A AT TR0 EE 1 BRI 5 V0™ 4 R AH O
fabre BN, SHEN ZEHC e I AR E 1 X8 ik
P BT 7 B R PR FE AT TBARS fH. ANMY
ik, EDCHERRE AR BRI TE AT hh P =
POCHE ST, W ER | e | 4EARER . BT K0
ST e X — RSN HFE AR T G AR AR
TEED S BTRASII HH BT 2 RS
22 BREREWN

WIS G | ALSE TS B AN BTG Qe U B 2
AR IR IR ER . AL GERIN 5 ik i B
[a] | w AS, I A 2R RE AL B . AHEEZ T, &
HEE G BASEAR AR AT E | i RAEE A S,
B AR SR It T AT RO S . sk 2 Y
7, KRN A5 3 | A A s Qe B S g —Jr i
JEIFTE .
2.2.1 AEWISHAGIN Ao g FEEEE h e (n
AHEA . BT BERFRAE) TR AT Y, MU e
AR, 45 A BEXT AR AL nle ™ B P, HE G A
B URNEING o ARG ARG I 7 12530 0 75 2
A Ta) FLAE AR AR 2R, MELL PR AT E TS G XU .
PRSI IR PR B 22 4, S CRE R Z W
JR— AP ARSI TBE o I BOARERE AE
TEA R B AR E IR IE, BEASTTIN . PRd H kS
FEah AR . HEE A TG At . X LERUAE G
TR A YR T AR M A o (AN BT L IR T . DNA)
A W) (AN B 20 RS RO AE . H
HT R IS AR B AT FAE P75 YAl 3= 24 Fh 7
AR TT 1o BRI R RIAT R B AR 2L TR
S ORI ERTR | RIS

JIN AFEUWFIE T w0 i R B AR 4G 5O (F-

HSD ZEA [FIALEE 54T X X8 it P Ak 4 A B i 7l
BE ). SLELER IR, TEHEAS | FERAd A s
T, 81 SZ B m AL ER ST A RS BT S ( Total Viable
Count, TVC) TIMAS AR FELL T, T R* 435128 0.91.
0.90 1 0.89, RMSE 43524 0.47. 0.54 F11 0.58, RPD
SERICA 244 2.32 F1 2.21, tAh, F-HST 7 ARALE T
A B PI A TVC Az B RERT, AHE Tl
A g DT AR, BUAS T B A WM 25 2R, L TVC T
M R? 35%] 0.93, RMSE & 0.44, RPD & 2.74; X%
AW R? 2 0.92, RMSE 4 0.46, RPD iy 2.57,
XRIHTO A R—FhRb IR, Belg i F 3R GiE
JSAGAE X P AL R A% WO g A A KRR T S
BAI 45 5 S AL GEHLAR 5 > AR B 24 > 7 13%, FIH
= TS BUS ARSI 25 R A i RIG AT A L 4 (A 2e)
BRI AT BURIEVD T TG AT TR, G521 320, =0l
TS R BRAE A ALHB U 2R R i s YR DL, FEIX
S ANRIZERIAIR IR A o AR BBFSE 7 ) W] LA —2F
PRI G1E AR B AR AE s Jat B A 1 BR T i) vz FH o
E TS AR AR BN R 2L | IR . 4B (U t]
ZEBRUA AT — 2 RTINS B, FRH T S oG st
ARAEAGI AR BRI 15 G TR A T o

2.2.2 AksEimgerein Bih b fkeATs gL TR A
ARLIFRE | B FREME SR AR
FH S BCHAR B Wi AW, X NIRRT A2 R
Bsr, FTRES | & AP REaiie e . BE-24%% BE [RIAEXT
B ZE A A, AT REREI AR N4 R Gk 5 |
BTN, AR AT SRS T YL iy 1
FZK IR AL &, T BEd0 35 Sy RGN 2D Ee .
SN II=D 69591 N & 5 Ny VA 3 e e Ly ST B A
G RGN, 0 = EE ARG I RS VDR )X e AT Y R,
AR B A B PO i e et s, i3
— R A ARMEFR AR B S N B SRR
2.2.2.1 ARZGHEZIFREAM SR SRR @ T
PUNAR L 53 FAE G AR RIS, BRSPS A

K2 IR EORTE R A AR I P A
Table 2 Application of hyperspectral imaging technology in food safety detection

KT H - A OEERER (nm) LeIGIISIIRREY FHIED KSR IR T- B Fil 275 30k
Ay MG 400~1000 SNV, MSC, FD, SD CARS PLSR., SVM [51]
: 15 .
B 1000~2500 MC., MSC, FD, SD GA. CARS, SPA IDCNN, PLS-DA. SVM [52]
s, HEIN400~1000 SNV GA. CARS, SPA PLS-DA, ELM, KNN [53]
RZBRE
EM3E  950~1666 SG. MSC, SNV CARS PLS [54]
o MW 400~1700  SG.BC, SNV, DT, MSC. JH—ft SPA, CARS. VCPA, UVE, IRIV PLSR [55]
S =2}

ES0| 900~1700  OSC. SG. SNV, MSC, BC, Zja#

CARS. IRIV, IVISSA CART, PLS-DA, CNN-SSAE  [56]

MW 435.2~1002.2 SG. SNV, FD VMD, SAE. VMD+SAE LSSVR [57]
R AR 480~1010 SG. MSC, SNV, FD, SD SPA. CARS, IRIV, VISSA, WTSR MLR [58]
+4 350~2500 SG. MSC, FD, SD. tr#fifk SPA SVM, RF, PLS [59]

VE: BUPE AL BT B 2434 (Detrending, DT) . IE22 {5 54 IF (Orthogonal Signal Correction, OSC); FFE I K 2 BT B - #4555 1% (Genetic Algorithm,
GA) | A5 Z5 43t (Variational Mode Decomposition, VMD) |, HE& H Zifi5#% (Stacked Autoencoder, SAE) | /NI AR 4% &% 4 [7] )5 (Wavelet Transform
combined with Stepwise Regression, WT-SR); #5%1. 37 #[i £ /L (Support Vector Machine, SVM) | fifiz/I> 3 J| 514347 (Partial Least Squares Discriminant
Analysis, PLS-DA) . #FR2%>J#L(Extreme Learning Machine, ELM) | k-fiz 140 (k-Nearest Neighbors, KNN) , 43255 [ J943% ( Classification and Regression
Tree, CART) , #FU 4 M 45-HEZH5 55 11 4% %5 (Convolutional Neural Network-Stacked Sparse Autoencoder, CNN-SSAE ) , #5e/N -3 3 5 [i1) 4 [1] ) ( Least
Squares Support Vector Regression, LSSVR) .
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g Rl TR ZFREE . BIAN 2803 AL T 1
B NS BRAE P i R TP AR 2B A A, DT e
FRAG AR B IE 25 TNAR 24 5% B UL T T R, 3
FURAE I #2709 PLS-DA BB, TN A 25 5% B4 14
HEAFRIRZ] T 86.99%., VEEFEH, RRIIHTFTNIIZ
PR BN Z oK R SR A 245 5R B8 4347, [RIATAS W2
= PLS-DA BB 3E BE . LT A5 WSR A =61
JRAG AR AL SE T (A 24 5% BE 0 M 245 5% B8 T
WOR, EARZGFR B 71, #2571 PLS BIRUZRH
B AR B 5 R T AR 245 5% BE T R, T S D GEE Ak
1GHEAR 5 OFEASGHATXT oA, G521, PIFP Tk
T A 25232 g 25 A 0.14 do B AR EIETLLL
RORE AR, (L E AR E FERT, F5 ZE A AR Sl A5 A
BN SIS, AHLLZ T, B G MUR B SRAE TEE He
B TCHR AN 73X, 22 TCEE R 5k A 245 45 BR A T 4
HET —ERAE T

TR 5 BRI 1, LI Z55°) 5] A 2 24505
A NS, FHT2E P REses 2R R ra . mad
(0] 2 Rl G 25 A A PR B R B AR R Ak, B4R 54
AHRAE P R 823 R?=0.940. RMSEP=0.375 4 #il
IS 5, 558 PR BEAS R T 5.4%  HOCHE & B0 T
1100~1200 nm 5 1600~1700 nm 3 B X s 1 fii 24
25 C=0 M 4EPrsh (W% 1 47) 5 C-H %5 ih#R3h
PR, N2 OGRS AL DT HR AL T S250ARYE .
P —25, DONG 500 BT 465 BHUp 25 I 28 -k = 7 B
H g as iy, e T B A 5 | AT SHAP
TR o3 AT o A RRE P R B IR IR B
J&, SHAP 53T 2D B a8 T ik SEARRE IS Fh X878
T 25 R DTk R IR 1 - AP TR 2SR R B &
R £-HE S ARG [ Gmh A R E U R b B AR B
TAAERHEFRIAE] T 100%, - HAEXT TR B 7K (iR
BE 1~2 mg/kg . FHE 3~4 mg/kg. =R IE =5 mg/kg)
AR, AR P HERF SRIA B T 93.65% . i FIE S
BT 2 5% B A0 TR RE ARSI, SR | HERAG
M54 2255 B AR TR R R F B .
2222 HEJRISYKEN  HEJE IG5 YLRT ARESR
WG, KRR PTRED | K ZF . L5
A BRI T, QNSO GRS R R A B
P JBE, EUR DT KE A, (ELE R T 2 A e S AT
AEE H AR RS . BRI, TR A R
IS E R AR . S GIE R A @ R 4
JEXTE R GRS 52, Bets SN EE 4 JE i PRy
M. YAO SEP fif FHE G sl AR B AR &5 G iR BE S >
TT XA RIS R BB AL T XS AR IHAT T B EAT
Foril, gt AR FRIHIZ 7 A AR B T B B s AT
P, HigE 7 BT VMD-SAE ¥R BE YGRS i B/
T afe S AsE ) 2 R UAAS AR AE A S B T R
(R’p=0.9372, RMSEP=0.0447 mg/kg, RPD=3.9589)
BRI Sh, ST I R AN 7 8 23RS R 1 Z2 i ik T
FEARRENN, XS SRR AR AR AL S FE ] WL LT 4

St EG e A AR S, AT R T = i
RTINS PETE B . BRI, ot
JRAG L AR AT LU SR A 2 & 4 JE s gy, #an,
ZHOU 45081 fifi G = MG UGS B AR R A et dh i
BG4 R (FRAET) 247 T JehiR i A T AR 5T,
FER BB ARG G AR IR AL E A T4 A Iy
HEA B KW 1. AR il T —Fh T/ M AR i
Fg A A Y i, F T2 GO CTREEAR LA 2,
FFEET T FRANES S RIS . JHor, SR T
IR R*p 2 0.7905, RMSEP “& 0.0269 mg/kg, RPD
SN 2.477; S S R TRIAR T R*p S 0.8965, RMSEP A
0.0096 mg/kg, RPD 4 3.211, [FEItA il T Az 3gnt-rp
TN B B AR, P25 0ESE T 2 sis
FERGE GAACE AR 25 H 4 TR A 2k -

HeAh, meiE R FT U T L E AR
G PR I, Sk A A R e A e PR AR IR B
CHEN 4502 | 5 G R HR G5 G LA FIE X R
b XAARP R EAR H b i S m S R T T
UM WFFEES IR, SIS R BN BRI A SR
) b g E G S i, Dy S YL IR AL T Y
FARFE . BRI 3 b 4R TR DGR,
AT VPAl EE R XA B A v e UM, 1 11T S 3T
Sk FORBEE LA
23 B4

B R R AR B I T B AE A R P AN
ABEEE S, BN 408 . B SRlECE Pl
Ji o IXLE WA SR B S BT, I8 T BEX I 243
PR AR FIREA) )L™ B Jg RN o AL e ) S ARG I 7 s, an
X SN EJEIRIMNES, BARAE — SR A RL, HAE
R4 8 S A A A A E R PR . T4k, B
JSARE A PRI RB A if X 43 S 4 S5 B =2 [a] i IR R
255, O —Fh 8832 JF RN TF-B . =G s e
AR L RS R A 1 S G B, BETEZ4ERE |
ST R ANST AT O3 AT, AT SE R S 24 HERR Y 54
Rt S SHU ZE% Fi| FH i G AR AR XS B
Ak 4RK . S RIS S S T T R . 3
of BENL AR AR I BEA TR IR P 5325, IF 454 YOLOVS
S3 IR AN ST A T X S8, I HUR T 96%
F SR HER 2R, tkAh, SAEIDAN 45004 SR %
PRI AT AT G SR T T R, 5 SR, SZAF
[ FEAL(SVM) BRI FRASAT 205325, HUESRIAE T
89.1%. SONG 51 DA FH /=5 Y61 AR B AR XS £ A
A S TR, SEIR A IR R, IR R
ORI /N 2.5 mm A faE, I BRI ERE IR B T
90.5%. WAh, S GIE BURBAIE ) 1z I H T HABAE
A SR, AnVAERE . o RUFITES P AECCOY Rk
B =GR AR B S S A i R T
ELR AR T, AU BEREHE S il i s M, I REA 2%
FEWAGGRIM T IR RBRE . FEEF AR ASWT 2,
ASRTE B e 440k, SRR A s kA 774 B
JHAT ST
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3 FRERE

TR i G ARG B A A B BT i A I R
PR S 2 O, (B AR N AT TR S 22 PhiR e B
FE, mokh DG R U A e B S 4 A = 5
Syl 2/ INE A TR B AR ER B A il A BE
22 IR, EOGEE ST A i) e e GRS it
100 B ) AT AT FERT AR, ME LA 2 5 3R 7R X
SERTASIN Y RE SK o b, [Rl—& S EAS [l bR L
I CHESREER R NS, S BRI R T A B R . B
J&, B RTELZ 85 5006 % 1 GiE S BRAL S BOCBR B R
PR, IXTEARKAR I LA T S e BUSHoR dniith
PRSP AE)

FHe, N T3 HE(Artificial Intelligence, Al) 575
G ART A ARG Sl B S ARSI 5Ty R B Be 1k
Tk AL A AT AR, AR D e R s
PRI B S B GRS ARFAE , DT IR0 X I RASE A A AR
B, IR (SN R T, FRRN T TR [F]
NI M4 C 7 s R i | I S = s 2 RIS D o i
L5 G AT EES, W AT HR i e A 2t I ARSI o
e, AN, Ak BAs iRt 22 S 88 1 R G, {HiHEE
A shad i FRAE Ak, TGRS IR 3R, LAV Bl AN [H]
A FRLREE . B, MBI AT BRBIAGULIR R G, Kiks
IMEE IR HEEF AL X T 2S5 RRR &, SCA: ™
R AR selkiEE . L IR — RO 50T,
A RS mD G U FARTEE A IR IZ N, A
B BT R LR S R L M HEI R S, B
FTES A R ReA T TR RS
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