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Application of data fusion in field of traditional Chinese medicine research
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Abstract: Data fusion is a technology that coordinates and integrates data information from multiple sources to improve the sensitivity,
specificity and accuracy of decision models. Data fusion combined with multivariable model is a powerful tool to study the complex system
of traditional Chinese medicine (TCM), which has been applied to many research fields such as species identification, origin tracing and
identification, quality control and evaluation, processing and preparation, and resources formation research. The source data included in
the fusion is mainly chemical substance information of TCM, including various types of chromatographic and spectral information, content
information of inorganic elements and organic components, sensor information such as e-nose, e-eye and e-tongue, and metabolomics
information, etc. The multivariate models used are principal component analysis (PCA), hierarchical cluster analysis (HCA), partial least
squares-discriminant analysis (PLS-DA), orthogonal partial least squares-discriminant analysis (OPLS-DA), support vector machine
(SVM), artificial neural network (ANN), random forests (RF), decision trees, linear discriminant analysis (LDA), etc. In the future, data
fusion is expected to be combined with artificial intelligence (Al), incorporate biomedical and omics data into source data, and expand
applications in more fields such as screening of active substances in TCM, prediction of patient’s response to drug, drug-drug interactions,
drug-target interactions, development of new TCM, and cultivation of TCM, etc. At the same time, software systems related to TCM
research that integrate data fusion and multivariate modeling function should be actively developed.
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Fig. 1 Data fusion technology classified by fusion mode
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Table 1 Application of data fusion technology in TCM research
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Fig. 3 Analysis process of data fusion in TCM research

3 AI=RE
31 HUEMAS S5 AILIERE (artificial intelligence,
AD HESRTHAMR

FER 3 Hrd, B T4 SEN. SPE J ACC,
FREFEEE R FTIR JTIE SR . AR, H A I
I ML.DL 4§ AT #1454, /£ KB = SEN. SPE.
ACC RIS IR 5 73 B B R FE 8 RE A R A S
Yo, RSB A R B SE AL PR S A,
TR 2 2 BRI S R BT s
T IEE AR TR . MRS 2IHL Cextreme
learning machine, ELM) &8T5 40 o 2%
(feedforward neural network, FNN) i) ML J77%, H
HIETHEALIGE . AEWME B MIRRLET7 5
B 7 RS A RGER UV-Vis. NIR Zdf &

5 ELM A& & A 24 2% HRI g BRO o 41f
BT 7B O ROR8), A R v I 2 A dfs
R G 46 DL BOR,  BERS AT E Y A8 b e A
FBIRL,
32 HiEMENANPAENEFHNTE

AT A 26 Js A W 7T AN B T 54
FOFAE LB TR TR TR
HIWAEAR TS T AR IR AR S, MR AT 254
PIlE A5 B RA G IE . H AT, ATgIANm A
PR AE R EBAREREEER . REBE
B VRN B AEARE R SERNAER
S AR, R AN EMESER, BG
OO X B R il 2 B 7T, TR e AT e 7 S 5 N BT R
Jeidt & 5k



FED 20234F9 8 $54% B 188  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

* 6167 »

33 HIEMES5HEFHRABEERTHAMR

HEHARBT RG A aw;, FEARHAUH
Mg, wmAHE, BREAY. FBRA¥%, HufE
FR 2T A AR AR T 2 R i %, (B B RL &
H5RUNH 7 EH P HARM S & ikE s D> . hajd
SRR B RN, RGUMHERHE, X5F7
PIREARNE . RAGPEANUETT A . DM =R, +
ZPARII R (HE) . AUBHESUR I AT 26T 7 %
AR 2, ARFR T HA TR, AlEixLs
HimJose R 25 N 7E1E BA5 20 TE A R
AIEEM I, MG R RS SENL SPE. ACC K&
BHERERE
34 BUERERATHAFEEYRIFIE

TERR RIE R BN 2SR Tk
—, FAEREE B 2 AOC R T R N A H
A oA AR IE « > F 1S 205G 2R 0 1 v M4 o () T
SEME 5 R SR AEAR KRR BE AR T P “3%” (fh 2
YR MR, CuE” BT E MR BE . K
SrATRAINE . AR . A A T 21 AL
KA I RINAAET, R TR —H Ak
BERE R, AafEr “ilk” AR T 2R
ZAE. 2R, A TEIRER “—ik
Z 87 [MIhRE, Al — RN B 2 YR FE i
R ZGEER B . HAh, AR K,
HEREHAIE ] T ML TH ) o 2 i 1k L
ARG ST AR B 24 S HEYER 7y, H I 2EHE 5T
(R R AE T2 T KRB @ 24511« ME-20- R -t
A7 2P EREIEE. Liu SU0E T 2R &
A CNN BREGNEST ISR IS5, 4531
AN E, XTHRZ R B — e E L
35 MEHEMESEPAMRIFH~RFALR
=l v sz R

HAjfE 25 o J e, HdEmh & FAA T
MatLab <5t AT, Bl AR S fE 5517
A, PR T TR S . HRTMTE
W98 L B R Rl 3 A 3R G0 S R A 3R 15045
CA B AR DU AT R G AR R S BT R
W R AR W= A N o ek, H TRT 5
EMBONLS, FEES AL SR MR A BRI .
RRPRER 2 PR AR, IIT K
Al 5 22 @I T Re T — 1R 1 258 oA O3 1
RGN AR, A BE R A 7E 250 7T A sk
RS

3.6 BIERMSERHEMMARPSEA

TR B35 XS 1 25 1) )R B (patient’s response to
drug, PRD) 2 MM ERT o (1) SCBE [ L, Horp e T
ZHFHIRRG T PRD PN A2 AH OCH 78 1) — > 4
T Yu MR 2 45 5 2 E 2R E IR
YERFAE ) B Fl S 30 R S ML B T Tt 254
N, FHGREMHT TR o BT 2 A e
E 23 BT 7 (drug response prEdiction based
on multiOmics data fusion, DREMO). DREMO f# &
T YR 2 1A AR E RN 2 2 TRl P AR AL, G
BT RRNFREE. MR, #0HE R (copy
number variation, CNV ). 2544k 2% S5/ R 250 HE 15
SSFHARE T S5 R A2 A S 2 2 AR
7%, AT FARGERFE 7] Bl G 2 IR 8 IR AE 1 IR,
SR 5 N ML A RUSR T 1) 24547040 i 2R ORIk, &5
KB DREMO BEH2m 7 Willbe

25/ Zi AR IT I 251 - 25 W A HLAR
(drug-drug interaction, DDI) [ @i /& H1 25 7f 57—
ANEAPERE R . TR, 8 DL BRI
DDI [FRiEE %, HIXLT %R BRI R —(5
B, TR AT ATy R T IAAEA 2« He Z57242
7 — T B 24 I 25458 (graph neural network
model, GNN) 1) 2 AR B dfa il 5 77151 F- DDI
T, v G E T B R RAME R 22
(A AR IS B L& SMILES (simplified molecular
input line entry system, H[J f&j b 707 £ 14 A\ REVE,
&— M H ASCI 45 5 BHAf 6k 7+ 25 A RIS
FA 255 R =R A A BAE A R
S5 REL W] GNN g5& 5 il & v] AAERH TG DDI,
R AR T AR T

s AR S5 A ML DL 2530 n] H 7t
Y/ 2y -8 A B AE A (drug-target interaction,
DTD, T &3 1) 2538 Ve oy Jogh E B A 1
EHrE. 0 Song PR T —FiEET DL KIZ R
FERFERL & 7 ——IR RS, TP DTI, %
TTEFRET AR S CNN A e /a5 i aA
FRE, FFfE A ELS ML (transformer network) 43
A BRI R AL S B S R R AR, Y
13 74 N B IR

HHEl, &24f) PRD. DDI. DTI #f 5 4k THE
R B, WZE 2B SRR BRI Fi e, 78
W2 PR R TN T T B — e s, =
X125 PRD. DDI. DTI B 58 K4/ HIGRE A



* 6168

FED 20234F9 8 $54% B 188  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

71, X5 HEERMBIEEARE KN ZHHER b
iz MM EAERE R AR ARG BERD,
PAS AT RN SRR & 25 R A 5%, R AR
WRFF I — Fh B AH S BE it B P 5 B e R & e T —
IR R G RN EE I
37 BIERMEEPAHAF AFTEINA

B b E e P 25 20T KR RIS S 2 AT
[, BILZIF RS, BEmaex 2 M
T BA BT S AT R, JOHAE T K 243 ) 2
Ji, WA B SRR B S
2R S 2 A B IR R, B T E R
PN, L2 RAE R — KM, HEi 2 GBSkt
i GG HOR R AR R e R BHERRIE, T
PRSP 2 MRIE A S B R TR S,
I Fb e S B R R A e R AR . H AT, Bl
HAEF RSP RER Z, A T2 ik
D Fan SFWE T 28 filA 52 H 1) 28 6 AL
rh 247 1 77 o B AR ) S VAN R R SR TR, T
IR Ao Casian 84 R T —ANH 4 Ff
FAMXES H B R 4 MR (process analytical
technology, PAT) T.H, HT3RAEMYIHI& IR
B RRTCE A 7y Bk, 4 P S 73 Al 44 T NIR
RS. WEEME G 88, @il hgmis, PAT
TRMEAMEBE e TRAIVERE, 20T 5
Rl 7E PAT UK 1 IR R, AT R 38 v A
A PRI REAE AT, IR 25 R i T — AN R
WM R . BRET, CAPFFE R PAT HETIAH
25 T b, ARAE S bR AT AR AE VE 2 B AN
ASCES VL% 7 THT 04 2
3.8 HIERESEPARIEMERRFELH

rh 24 8 B R ORE T R 7 R RN A T 24 R A IR
Bl KL iffE . BLEmSETT B R A
RIS o ARG BTN 22 R e T A,
AT ERRE, IR N JTRARROR . 52K
IR K, PERAEET A, B ANLIEREE
A& It a5 22 EEE. ML, DL #7424
PR 5= B . a1 Xu SFBIEEST 1A T
6] 5 51 e AL A AR e - AL ST, 455
ZIGEEBAR R B RE S, ] DU E A
IR 22 I 2R T ARAE 7 i, 45 R N .
I ZETIF T R 0% D 24 B T AR 7 ) T A
UIRERREE

FlBAFR AL HEARELEF R

SE 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Zhang H, Chen R Y, Xu C, ef al. An integrated approach to
discriminate the quality markers of traditional Chinese
medicine preparation based on multi-dimensional
characteristic network: Shenqi Jiangtang Granule as a case
[J1. J Ethnopharmacol, 2021, 278: 114277.

Borras E, Ferré J, Boqué R, et al. Data fusion
methodologies for food and beverage authentication and
quality assessment-A review [J]. Anal Chim Acta, 2015,
891: 1-14.

XuWC, ChenP C, Zhan Y L, et al. Cotton yield estimation
model based on machine learning using time series UAV
remote sensing data [J]. Int J Appl Earth Obs Geoinf, 2021,
104: 102511.

Jiang S, Ni C D, Chen G L, ef al. A novel data fusion
strategy based on multiple intelligent sensory technologies
and its application in the quality evaluation of Jinhua dry-
cured hams [J]. Sens Actuat B, 2021, 344: 130324.
Aljaaf A J, Mohsin T M, Al-Jumeily D, et al. A fusion of
data science and feed-forward neural network-based
modelling of COVID-19 outbreak forecasting in IRAQ [J].
J Biomed Inform, 2021, 118: 103766.

DeRamus T P, Wu L, Qi S, et al. Multimodal data fusion
of cortical-subcortical morphology and functional network
connectivity in psychotic spectrum disorder [J].
Neuroimage Clin, 2022, 35: 103056.

Zheng H, Cai A M, Zhou Q, et al. Optimal preprocessing
of serum and urine metabolomic data fusion for staging
prostate cancer through design of experiment [J]. Anal
Chim Acta, 2017, 991: 68-75.

Li D Z, Gao W. Physiological state assessment and
prediction based on multi-sensor fusion in body area
network [J]. Biomed Signal Process Contr, 2021, 65:
102340.

Liu Q, He D, Xie L. Prediction of off-target specificity and
of CRISPR-Cas
attention boosted deep learning and network-based gene
feature [J]. PLoS Comput Biol, 2019, 15(10): e1007480.
Maithri M, Raghavendra U, Gudigar A, et al. Automated

and future

cell-specific fitness System using

emotion recognition: Current trends
perspectives [J].
2022, 215: 106646.

Ounoughi C, Ben Yahia S. Data fusion for ITS: A
systematic literature review [J]. Inf Fusion, 2023, 89: 267-
291.

Robert C, Jessep W, Sutton J J, et al. Evaluating low- mid-

Comput Methods Programs Biomed,

and high-level fusion strategies for combining Raman and

infrared spectroscopy for quality assessment of red meat



FED 20234F9 8 $54% B 188  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

* 6169 »

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[J]. Food Chem, 2021, 361: 130154.

Pei Y F, Zuo Z T, Zhang Q Z, et al. Data fusion of Fourier
transform mid-infrared (MIR) and near-infrared (NIR)
spectroscopies to identify geographical origin of wild
Paris polyphylla var. yunnanensis [J]. Molecules, 2019,
24(14): 2559.

Stavropoulos G, van Vorstenbosch R, Jonkers DM A E, et
al. Advanced data fusion: Random forest proximities and
pseudo-sample principle towards increased prediction
accuracy and variable interpretation [J]. Anal Chim Acta,
2021, 1183: 339001.

Li Y, Xiong Y M, Min S G. Data fusion strategy in
quantitative analysis of spectroscopy relevant to olive oil
adulteration [J]. Vib Spectrosc, 2019, 101: 20-27.
Lawrence A. Klein 3. 8T, 2% a8 503 mh & 3
WA M]. dbut: JbatE TR H kL, 2004: 115-
130.

TN A RS I 28 B0 i B B R WT A S A i = 4 )
IR [D]. AR HTRHERE, 2009.

Ge L Z, Zou K L, Zhou H, et al. Three dimensional apple
tree organs classification and yield estimation algorithm
based on multi-features fusion and support vector machine
[J]. Inf Process Agric, 2022, 9(3): 431-442.

Zhao G Z, Chen A G, Lu G X, et al. Data fusion algorithm
based on fuzzy sets and D-S theory of evidence [J].
Tsinghua Sci Technol, 2019, 25(1): 12-19.

Zhang J, Liu H B, Sun X J, et al. Processing of building
subsidence monitoring data based on fusion Kalman
filtering algorithm [J]. Alex Eng J, 2021, 60(3): 3353-3360.
Song R, Chen X Y, Fang Y C, et al. Integrated navigation
of GPS/INS based on fusion of recursive maximum
likelihood IMM and Square-root Cubature Kalman filter
[1]. IS4 Trans, 2020, 105: 387-395.

Ren M J, Sun L J, Liu MY, ef al. A weighted least square
based data fusion method for precision measurement of
freeform surfaces [J]. Precis Eng, 2017, 48: 144-151.
MY, A5, B, S BT REBSTIEEEZ
AR I F AN S AR FR R (7], R ER, 2022,
53(S1): 201-212.

QiulJ J, Shi M L, Li S Q, et al. Artificial neural network
model- and response surface methodology-based
optimization of Atractylodis Macrocephalae Rhizoma
polysaccharide extraction, kinetic modelling and structural
characterization [J]. Ultrason Sonochem, 2023, 95:
106408.

Wang Q Q, Huang H Y, Wang Y Z. Geographical
authentication of Macrohyporia cocos by a data fusion

method combining ultra-fast liquid chromatography and

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

Fourier transform infrared spectroscopy [J]. Molecules,
2019, 24(7): 1320.

Sun W J, Zhang X, Zhang Z Y, et al. Data fusion of near-
infrared and mid-infrared spectra for identification of
rhubarb [J]. Spectrochim Acta A,2017, 171: 72-79.

HeJ S, Chen L, SiY, et al. Population structure and genetic
diversity distribution in wild and cultivated populations of
the Chinese medicinal

traditional plant Magnolia

officinalis subsp. biloba (Magnoliaceae) [J]. Genetica,
2009, 135(2): 233-243.

Jing W G, Zhao X L, Li M H, et al. Application of multiple-
source data fusion for the discrimination of two botanical
origins of Magnolia officinalis cortex based on E-nose
measurements, E-tongue measurements, and chemical
analysis [J]. Molecules, 2022, 27(12): 3892.

QiL M, LiJ Q, Liu H G, et al. An additional data fusion
strategy for the discrimination of porcini mushrooms from
different species and origins in combination with four
mathematical algorithms [J]. Food Funct, 2018, 9(11):
5903-5911.

VK, BRI, EPUFE, & ETLAMCIEEER A& 2
FEERITEG [, AbRPBEZ R AR, 2019,
42(10): 862-868.

Qi L M, Zhong F R, Chen Y, et al. An integrated
spectroscopic strategy to trace the geographical origins of
emblic medicines: Application for the quality assessment
of natural medicines [J]. J Pharm Anal, 2020, 10(4): 356-
364.

ik, 08, MYERE, 4. ATR-FTIR fl UV-Vis 465
Kol & SRS S A BORE (0], Otk O
#T, 2021, 41(5): 1410-1416.

Wu XM, Zhang Q Z, Wang Y Z. Traceability of wild Paris
polyphylla Smith var. yunnanensis based on data fusion
strategy of FT-MIR and UV-Vis combined with SVM and
random forest [J]. Spectrochim Acta A, 2018, 205: 479-
488.

Shen T, Yu H, Wang Y Z. Assessing geographical origin of
Gentiana rigescens using untargeted chromatographic
fingerprint, data fusion and chemometrics [J]. Molecules,
2019, 24(14): 2562.

Xiao Q L, Bai X L, Gao P, et al. Application of
convolutional neural network-based feature extraction and
data fusion for geographical origin identification of Radix
Astragali by visible/short-wave near-infrared and near
infrared hyperspectral imaging [J]. Sensors, 2020, 20(17):
4940.
FE2252, kW, AER, & ETHEREMZENE
B0 VR I 7R S R B RN [J]. R A 2 A,



* 6170 »

FED 20234F9 8 $54% B 188  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

2018, 43(6): 1162-1168.

Wang L, Wang Q Q, Wang Y Z, et al. Comparison of
of wild
Macrohyporia cocos with different data fusion approaches
[7]. J Anal Meth Chem, 2021, 2021: 1-13.

LiY, Zhang J, Li T, et al. Geographical traceability of wild
Boletus edulis based on data fusion of FT-MIR and ICP-
AES coupled with data mining methods (SVM) [J].
Spectrochim Acta A Mol Biomol Spectrosc, 2017, 177: 20-
27.

QiLM, LiuHG, LiJ Q, et al. Feature fusion of ICP-AES,
UV-vis and FT-MIR for origin traceability of Boletus

geographical traceability and cultivated

edulis mushrooms in combination with chemometrics [J].
Sensors, 2018, 18(1): 241.

Yao S, Li T, Li J Q, er al. Geographic identification of
Boletus mushrooms by data fusion of FT-IR and UV
spectroscopies combined with multivariate statistical
analysis [J]. Spectrochim Acta A, 2018, 198: 257-263.
LiY, Zhang J Y, Wang Y Z. FT-MIR and NIR spectral data
fusion: A synergetic strategy for the geographical
traceability of Panax notoginseng [J]. Anal Bioanal Chem,
2018, 410(1): 91-103.

KR, wEM, AEE, & BIERE TR E SR
WA TR 7 S 4 S R BRI VR AT T (9], 25900 M 2%
&, 2022, 42(5): 845-855.

Ballabio D, Robotti E, Grisoni F, et al. Chemical profiling
and multivariate data fusion methods for the identification
of the botanical origin of honey [J]. Food Chem, 2018, 266:
79-89.

QiL M, MaYT, Zhong F R, et al. Comprehensive quality
assessment for Rhizoma Coptidis based on quantitative and
qualitative metabolic profiles using high performance
liquid chromatography, Fourier transform near-infrared
and Fourier transform mid-infrared combined with
multivariate statistical analysis [J]. J Pharm Biomed Anal,
2018, 161: 436-443.

Borras E, Ferré J, Boqué R, et al. Olive oil sensory defects
classification with data fusion of instrumental techniques
and multivariate analysis (PLS-DA) [J]. Food Chem, 2016,
203: 314-322.

Zhao Q, Yu 'Y, Hao N, et al. Data fusion of laser-induced
breakdown spectroscopy and near-infrared spectroscopy to
quantitatively detect heavy metals in lily [J]. Microchem J,
2023, 190: 108670.

Pérez-Rafols C, Serrano N, Diaz-Cruz J M. Authentication
by UV-vis
chromatographic data fusion strategy [J]. Chemom Intell
Lab Syst, 2023, 235: 104783.

of soothing herbs spectroscopic and

(48]

[49]

[50]

(51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

Zhang X, Wu H W, Lin L N, ef al. The qualitative and
quantitative assessment of xiaochaihu granules based on e-
eye, e-nose, e-tongue and chemometrics [J]. J Pharm
Biomed Anal, 2021, 205: 114298.

Fan X H, Cheng Y Y, Ye Z L, et al. Multiple
chromatographic fingerprinting and its application to the
quality control of herbal medicines [J]. Anal Chim Acta,
2006, 555(2): 217-224.

Jiang C, Liu Y, Qu H B. Data fusion strategy based on near
infrared spectra and ultraviolet spectra for simultaneous
determination of ginsenosides and saccharides in Chinese
herbal injection [J]. Anal Methods, 2013, 5(17): 4467-
4475.

Zhang H B, Zhang Y, Zhang T J, et al. Research progress
on quality markers of traditional Chinese medicine [J]. J
Pharm Biomed Anal, 2022, 211: 114588.

P, BF, XURI, & haiEREY Q-
Marker) A 753t 8 Rt 25 R B AL B [7]. o
75,2021, 52(9): 2519-2526.

Liao JC, Wu Y S, Xu F F, et al. Comprehensive evaluation
of NAODESHENG by combining UPLC quantitative
fingerprint and antioxidant activity [J]. J Pharm Biomed
Anal, 2021, 193: 113636.

Zhang J, Wang Y Z, Yang M Q, et al. Identification and
evaluation of Polygonatum kingianum with different
growth ages based on data fusion strategy [J]. Microchem
J,2021, 160: 105662.

WuZZ,XuE B, Long J, et al. Comparison between ATR-
IR, Raman, concatenated ATR-IR

spectroscopy for the determination of total antioxidant

and Raman

capacity and total phenolic content of Chinese rice wine
[1]. Food Chem, 2016, 194: 671-679.

Lan Z W, Zhang Y, Sun Y, ef al. A mid-level data fusion
approach for evaluating the internal and external changes
determined by FT-NIR, electronic nose and colorimeter in
Curcumae Rhizoma processing [J]. J Pharm Biomed Anal,
2020, 188: 113387.

Dai S Y, Lin Z Z, Xu B, et al. Metabolomics data fusion
between near infrared spectroscopy and high-resolution
mass spectrometry: A synergetic approach to boost
performance or induce confusion [J]. Talanta, 2018, 189:
641-648.

Sun F, Zhong Y C, Meng J, et al. Establishment of an
integrated data fusion method between the colorimeter and
near-infrared spectroscopy to discriminate the stir-baked
Gardenia jasminoides Ellis [J]. Spectrosc Lett, 2018,
51(10): 547-553.

Dai C X, Huang X Y, Huang D M, et al. Detection of



FED 20234F9 8 $54% B 188  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

* 6171 -

[60]

[61]

[62]

(63]

(64]

[65]

[66]

submerged fermentation of Tremella aurantialba using
data fusion of electronic nose and tongue [J]. J Food
Process Eng, 2019, 42(3): ¢13002.

AR, T, RAR, % ETZHEBIREMEEARTN
IR BEUH % L2 — SN NSRS (1. i
REER, 2022, 41(1): 121-127.

T, FHEE, §ER, % s UNgiEs LR
PoRE AT GG P4y 2B AT (0] B E 2R, 2021,
46(19): 4969-4977.

Wang Z, Cao J J, Li W T, et al. Using a material database
and data fusion method to accelerate the process model
development of high shear wet granulation [J]. Sci Rep,
2021, 11: 16514.

Gao M L, Zhang Y, Cheng F F, et al. A gradient-based
discriminant analysis method for process quality control of
carbonized TCM via Fourier transform near infrared
spectroscopy: A case study on carbonized Typhae Pollen
[J]. Spectrochim Acta A, 2022, 265: 120363.

Zhao J E, Zhou Z M, Zhao F, et al. Development and
validation of global prediction models for monitoring the
manufacturing process of herbal medicine by ultraviolet
spectroscopy [J]. Acupunct Herb Med, 2022, 2(2): 118-
129.

Zhang J, Xu X H, Li L, et al. Multi critical quality
attributes monitoring of Chinese oral liquid extraction
process with a spectral sensor fusion strategy [J].
Spectrochim Acta A, 2022, 278: 121317.

Zhang R Z, Zhao ] T, Wang W Q, et al. Metabolomics-
based comparative analysis of the effects of host and
environment on Viscum coloratum metabolites and
antioxidative activities [J]. J Pharm Anal, 2022, 12(2):

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

243-252.

Huang G, Huang G B, Song S J, et al. Trends in extreme
learning machines: A review [J]. Neural Netw, 2015, 61:
32-48.

Li Q Q, Huang Y, Zhang J X, et al. A fast determination of
insecticide deltamethrin by spectral data fusion of UV-vis
and NIR based on extreme learning machine [J].
Spectrochim Acta A, 2021, 247: 119119.

Chen X J, Zhu Z F, Zhang W T, et al. Human disease
prediction from microbiome data by multiple feature
fusion and deep learning [J]. iScience, 2022, 25(4):
104081.

LiuJ E, Peng D D, Li J L, ef al. Identification of potential
Parkinson’s disease drugs based on multi-source data
fusion and convolutional neural network [J]. Molecules,
2022, 27(15): 4780.

Yu L, Zhou D D, Gao L, ef al. Prediction of drug response
in multilayer networks based on fusion of multiomics data
[1]. Methods, 2021, 192: 85-92.

He C X, Liu Y R, Li H, et al. Multi-type feature fusion
based on graph neural network for drug-drug interaction
prediction [J]. BMC Bioinformatics, 2022, 23(1): 224.
Song T, Zhang X D, Ding M, et al. DeepFusion: A deep
learning based multi-scale feature fusion method for
predicting drug-target interactions [J]. Methods, 2022, 204:
269-277.

Casian T, Farkas A, Ilyés K, et al. Data fusion strategies for
performance improvement of a Process Analytical
Technology platform consisting of four instruments: An
electrospinning case study [J]. Int J Pharm, 2019, 567:
118473.

[Friesmit & o]



