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A Fast Identification Method for Fritillaria Varieties Based on the
Fusion of Electronic Tongue and Electronic Eye Information

MA Jingyu, SUN Tao, WANG Yanrong, LI Xin, ZENG Wanqing, WANG Zhigiang"

(School of Computer Science and Technology, Shandong University of Science and Technology, Zibo 255049, China)

Abstract: Fritillaria is a widely used traditional Chinese medicine, with a complex source and a wide variety of medicinal
materials. Different varieties have similar external characteristics, making it difficult to distinguish using traditional
methods. To achieve rapid and objective identification of Fritillaria species, this study proposed a method for rapid
identification based on electronic tongue and electronic eye combined with a deep learning model. Electronic tongue and
electronic eye were utilized to collect gustatory fingerprint and visual image information from different categories of
Fritillaria, respectively. An enhanced Transformer encoder based on causal attention mechanism was employed to extract
time-series features from the ET signals and augment the ability to extract local features. Meanwhile, an improved
ShuffleNetV2 network based on coordinate attention mechanism was used to extract morphological features of EE image
and suppress background noise. Subsequently, a feature weighted fusion module was presented to adaptively integrate the
feature information extracted from both the electronic tongue and electronic eye, and achieve classification and recognition
of the fused features. The experimental results indicated that the proposed information fusion method had better
classification performance compared to separate usage of electronic tongue and electronic eye, with a testing accuracy of
98.4%. This study provides a novel approach for rapidly identifying Fritillaria varieties, which offers research insights into
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the classification and traceability analysis of other Chinese medicinal materials.

Key words: electronic tongue; electronic eye; ShuffleNetV2; Transformer; attention mechanism; fritillaria
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Structural diagram and physical diagram of electronic tongue system
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Fig.2 Structure diagram and physical diagram of electronic eye system
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Fig.4 Multi head causal attention mechanism and causal convolution process
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TR FAE2ZE ST, 23R AR Y RO, B0 Y
L LG TR, Rl R A TR . o E B A
UH— LS TANE], LA EBRTTAYE /. S Hidb )5, Dl
FREMR IR T % 224 %224 1535, B THR RS 4528
FAEH 50 SRESAE AR, FlaxBMSYE 7:3 K5y
Y rEFNIEESE, HopillgedE oy 1575 skEEA RIMZ,
KUFEE R 675 SREEASIEIR .

. o

(b) 1] D1 (c) B DLES:
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Fig.9 Beimu Electronic eye image

2.3 1RBGHFISHIRIL

LK R RN SR W R G PR AN 3 S PERE
A DA (BOA) X A AR AL EF T4 i
feo DL e H a9/ a] el A B H AR ek
B DA pREC) R SR, 138 R LS &Y,
DL DA AR S B PR AT s

= (8)

Xy = maxA(x,Dy;)
xeX

ri:'y*—yil 2 (9

b X e as[a]; A(x, D) AREEpRES: y i
LSt TR SRR X HIPAE A v i AR BRI E -

K BOA 435X Transformer Encoder 45
HIJZE0(Num_layers) . 7732 S AL 093520 (Num_
heads) . #lt & K /N (Batch Size) DL M 0L 4k Jr %
(Optimization method) #H47/fk . X ShuffleNetV2
XX £% 1) Repeat YK #{ ( Repeats) . it 5 K /) ( Batch
Size) . 2% #(Learning Rate) DL M4k 751 (Optimi-
zation method) AT, R 1 45 T - AUAE
SR RS R L FREE R

FRAE A Rl 53 SAR X 2H AR R (1 4SS TR
MRz e I BAAEIGE N . R BOA Sk X4
NEANA Ril-G-43 AR v i) 5 38 B 9T 4G A6A EE (Ones ) |
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21 Transformer Encoder. ShuffleNetV2 (1) BOA [
i PN ES Ry A

Table 1 Search space and optimization results of BOA for
Transformer Encoder and ShuffleNetV2
HAE SR Rz LR
Transformer
Encoder Num_layers (1,128) 2
Num_heads (1,128) 4
Batch Size (2,128) 32
Optimization method (SGD, Adama, Nadam) ~ Adama
[(1,128), (1, 128),
ShuffleNetV2 Repeats (1,128)] [4,8,4]
Batch Size (2,128) 16
Learning Rate (1x107%,1x107%) 0.00421

Optimization method (SGD, Adama, Nadam) ~ SGD

K2 CRFENCER G 7 FAE P 1 a3 ) B S
Table 2 Search space and optimization results of feature
weighted fusion classification module

2R RS (] #3458
Ones [(o, 1), (0, 1)] [0.31, 0.69]
Batch Size (2,128) 13
Learning Rate (1x107, 1x107%) 0.00533
Optimization method (SGD, Adama, Nadam) Adama

#L& /N (Batch Size) . %% >J #&(Learning Rate) . 4
Ktk 7 = (Optimization method) BE47104L . 452R
wmEk 2 P,
2.4 HRESELG

SR T BEE IR JFEZ IS A AR E I HLE
IR, S’ JEL 4G Transformer. ShuffleNetV2 /E &
ARSI, 38 A T Rl e 36 TE SACHE AR R iR A 200k, 45
RANER 3 s, MR 3 AT LIE I, TEH G rh
SIS B IIHLE], AR R F1 5380058
F+T 3.2%. 0.03, BLBAEISRE R SIHLHI GENEAR It di
PAF S P IBETRTFIVERIE . 51 A ARFREEZ T HL]
J&  BEAVHERR 2 F1 53805 53T T 5%, 0.07, 1iE
AH AR AR B I AL BEASAE RO 5 RRAE B AN [R)3E
I8 22 (8] (A S, B U T RN SCAREE (O H
B8 ZEAEHEREE SIPLGIFI A R 2 SIS,
PRI HERR Z AN F1 538003 54T T 13.2%. 0.13, ¥
HHPR AP B I HLHRI BENE A AL G, (IR ELAS TR A1)
FRIEPRELEE T RN 2S8R o

®3IHRESRAR

Table 3 Results of ablation experiment

g3 prmegnbi T D FLscore
0 - - 85.2 0.85
1 v - 88.4 0.88
2 - \ 90.2 0.92
3 w/ N 98.4 0.98

2.5 REMERENTEESCIE
Sh T SRR S AR PERE, S350 X R e N

BHE ShuffleNetV2 AR HERG 3 . %50 . FLOPS
N FPS U xF b, o, BRI S s ML AR
SR B, 1% A5 1T %X (Floating point operations,
FLOPs) FH T AR (- . AR igs
(Frames per second, FPS) Rl &:Fbpy ] DAL FR A IE] /-
Bomt, FH TIPSR TR . 25 ANk 4 R, Bk
#EHY ShuffleNetV2 R M 1Y ShuffleNetV2 FEi7,
HERREE T T 4.2%, S80808/0 T 0.21 M, FLOPS
Ui /T 0.03 GB, FPS #2151 3.4 frame/s, i ettt
1) ShuffleNetV2 AP GG B B0 &, [A] B A 20 1 9
TR SR, P TSRS TR

4 PREREXT LS,

Table 4 Results of performance comparison

HR A HERI%(%) 2804 (M) FLOPS(GB) FPS(frame/s)
ShuffleNetV2 90.2 1.29 0.15 35.2
R ShuffleNetV2 944 1.08 0.12 38.6

2.6 ELERAMREST

T B UEAS SCHE Y AR R A G AR A R,
SR . LT HR LA A il A 80E 42 43 SIHE Trans-
former. ShuffleNetV2 DL &% ZH -G AR AY | gE47 U1 45 .
Xt HAASR] DU BEREAS A TR, B T35 AT IR B
53 0A 2500 DFEAS, G B A ST 5000 S
ABHE . DA S TR VA A I, 25 ANl 10 Jr
7N, Ho 1~5 S35 DUEE | Wi DU SEDURE | 47
I DUREFNGEE DL B oSG2 B, PACR FH F 5 AT
D BIAREAS B ST S UERR 2R 90.4% ., Bl L+
HIR MGG, AR SRR A B 94.4%, Ui S5
T HE S, B FAREUS P& T B E s R S
Ho MRARTFE. BTFIREEREG ka2
HEIRIRF] 98.4%, Uil T Al THRAG B HA 5
AME, AG EE S REAE IR 2 25 A, AT IX
SR SR DIRIAEAS

K t 43 AR BEVLIT 2R A G572 (Stochastic neu-
ghbor embedding, ~-SNE) X} Transformer Encoder.
ShuffleNetV2 $2ECE HRRIE L @ilG i RRIE AT 7T
AT, Z5 5N 11 o, BIE 11(a) FIEl 11(b)
HTLAE S, BT R TR A AR R AR A TR A
8, ABAEAETR T T 2 . HL T HRARAE AT A Ak 1 5 2R
T o7, UeH B FIREMR LR R (5 S S A T
ZXZSMAEE . HE 11(c)n]LIEH, BF5FHF
HRVE & BB 1 B — SRR AR RIE 28 (A v 58 4T 2R Al
5, HANIRIZESNZ [a) sy B e, BAT B S 28] 250,
i B FH Rl A R HE ST BERE AR (Y BE 7 00 T A (e F v
FEFE TR
27 (EERAETANILE

ST B UEAR SCHRE H AR 4 43 SRR, 43R
233 BOA S %0H VGG16. ResNet50, S5E75E
2 PRI LE S i, 175 (ET) A1 HL F-HR (EE ) SRAE
Xof DUBEREAS HEA TR o SR FHHERf 2 . K i3 . 3 [l
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Fig.10 Test set confusion matrix results

. F1-Socre VE R PP AREXTBI L S A RHOREA T
Hr, HAHR:

T,+T
A e . S 10
ccuracy T AT, 4F, 4T, A (10)
Precision = Ty = D
T,+F,
Recall = T, = (12
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Precision X Recall
Fl-Score=2><reC%S?On—eca 2 (13
Precision + Recall

Horp, T, g VEECIE A BIREAS AN F, g PEBCAS IE
BARIREAS K BN B0 SR BESVEEC AR AR KL H

Fig.11 Visualization of #-SNE features

T, Jy k3] TIEARVCELAIREAS R H o

AREUE B RLG Ik o4 sk 5 iR, A
R AT LR Y, AR BAARESXT e, B R HERf SR
= Y2 Transformer, BEHAMPREE 24 > 2%, HIE
PR T 4.8%~25.3%, AGHARAE R T 4.8%~25.2%,
BRI T 4.8%~25.3%, F1 /350425 T 0.05~
0.25; B FHR YU METH 3 B = 19 )2 ShuffleNetV2, 3%
HA IR 2 S 4%, RIS T 6.1%~23.6%,
M RIE S T 6%~23.6%, 3 M R & T 6%~
23.6%, F1 /35025 T 0.06-0.23, 1tbAh, AR 4L
AR g Z Bl e B2 55 . R IR Trans-
former A &2 ShuffleNetV2 1A 21 W45, A SCRELAY
HH S T4 F AH S 4 ( AddFusion) DL &2 4 4iF B 42
(ConcatFusion) J7 ¥k, HAETIRIZE T 2.2%~3.4%,
R REEE T 2.1%~3.4%, 3B W RKEE T 2.2%~
3.4%, F1 43504855 T 0.02~0.03, e BIAS SCaY 1 3E v
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Table 5 Results of ablation experiment

A EiE Sl el WERG (%) KE#1%(%) B E#(%) F1-Score

VGGI16(ET) 65.1 65.2 65.1 0.65
VGG16(EE) 70.8 70.8 70.8 0.71
ResNet50 (ET) 85.6 85.6 85.6 0.85

BRI ResNet50 (EE) 73.2 73.2 73.2 0.73
Transformer (ET) 90.4 90.4 90.4 0.90
Transformer (EE)  88.3 88.4 88.3 0.88
ShuffleNetV2(ET)  78.8 78.8 78.8 0.78

. ShuffleNetV2(EE)  94.4 94.4 94.4 0.94
PN Addfusion 95.0 95.0 95.0 0.95
ConcatFusion 96.2 96.3 96.2 0.96

AR SRR 98.4 98.4 98.4 0.98

TR 5 AT A B A 53 TeA 2, Fl B hn =2 348 , PR 5%
ST LT, WAIE T AR SCTHE H 7 i B 25
2.8 SEBRRZA SR

g T A R UEAS SO T vk B S, FEAS
o737 43 SIS DU | 7 DURERISE U1 BE4% 50 4>
FEAS, SRR ST BB EA TR R S AL B, SR 553 51)
VEATI K, S280 2% N3 6 Frs . 4593, SF 0l
. #T DUEERN)| DURRAGSI4 00 2R RN 96.2%, -
YRS 96.3%, V- 8150y 96.2%, V-3 F1
SIECH 0.96. SZIGTIERIAS SCHTH H A )5 3 7E SZ BRIV
JH R ELA A A I AE B M IS L 9 A RE

%6 ML SLIL

Table 6 Results of test set experimental

FEA W (%) TR (%) B (%) F1-Score
FDUEE 95.2 95.3 95.2 0.95
Wi DBk 96.0 96.0 96.0 0.96
J1 DB 97.6 97.6 97.6 0.97

3 #ig

ASCHE T — AL T A TR S S
VR AR DURE S AP DGR 0 s o R 5 F
LR S0 31 R AR DL REREAR (R R B AR SE A5 B o BH %
5 05 54855, 7F Transformer ZRfid#s 5| A%
S R A P, SR RSB o Tk,
(AR GRS 743 PE BRI 5 1) JRi B AeAE, A3 450k oo
W FE T, X FHRSRAE(S B, £ ShuffleNetV2
P28 A I AR AR B T TAIL I ASE = X R AR g 42
B, IR SR AR TP, B —RMRIE A i
RERNACE b B, 5 FIEE AR ASAE [ 30 0 3K e
50 CLi R DS RhTY & o2t [ESER SR S e o = E I R 55
PPN R . ASSC IR AR R, B
B2 F1 43%0 05k 3] T 98.4%. 98.4%. 98.4%.,
0.98. [FIEF, X i iz L WK B8 = FhSRREAS B~ 24 vE
WA SEIG SR SFE I ER | S Fl 48 5y
HEE] T 96.2%. 96.3%. 96.2%. 0.96., AWFFTHEH
T —FhpaE | AR L mR i DR SRR U R, I
S HCE A PG A S SE R T T R . IR

2, B HE— PR o IORTBE | [T AR, IR
ZITER TR AN .
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