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Cross-modal Image and Text Retrieval Method for Lycium
barbarum Pests by Integrating Attention Mechanism

LIU Libo ZHAO Feifei
(School of Information Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: In recent years, with the change of climatic conditions and the introduction of cultivation
techniques, the planting area of Lycium has gradually expanded. It has become one of the important
economic crops in Ningxia and even the entire northwestern region. Lycium is a multi-insect host and has
poor resistance to insect pests. It is very susceptible to insect infestation, which has a huge impact on
yield and quality, causing serious economic losses. Therefore, it is very important to quickly and
accurately retrieve and obtain various information about Lycium pests and provide timely and accurate
control for the development of the industry. To address the problem that the present retrieval system on
crop pests owns only the single mode, the cross-modal retrieval for images and texts in Lycium pest
dataset was introduced, which had 17 kinds of common pests, and a cross-modal image and text retrieval
method with the attention mechanism was proposed. Firstly, the transformer and the LSTM were used to
obtain text and image fine-grained feature sequences with the context information, respectively. Then,
the attention mechanism was leveraged to aggregate feature sequences to capture the salient semantic
information in texts and images. Finally, in order to explore the semantic correlation between different
modalities, the cross-media joint loss was used to constrain the proposed model. The experiment showed
that the averaged MAP of the proposed method in the self-built Lycium pest dataset achieved 0. 458.
Compared with the existing eight methods, the averaged MAP of the method was improved by 0.011 ~
0. 195, outperforming all these methods. The proposed method can provide technical support and
algorithm reference for diversified retrieval requirements of crop pests.

Key words: Lycium barbarum pests; attention mechanism; image and text retrieval ; cross-modal

0 2= FE A AT 37 9% 52 7 Bk [R) I, A S 17 XU T 20 ek R
a TR Y ST AL AR B A AR S R B MR, B R
MRS HAT S B VR 3T L A RIS DAL TR AR AR A IR B R B9 51 2 A ok i A T AR

Wk H 3. 2020 -12-28 & [H H . 2021 -07 —09
E£WMAB: HEKARFFEESTA (61862050) Al H H A B4 5451 H (2020AAC03031)
TEFE BN XLk (1974—) & #4845, EEMNEANTH LIS BT, E-mail; liulib@ 163. com



300 £~k

IR

2022 4

SEHY R TR T LT AR P M X
Yz —"7 ) MR T 2 % E B huRERE
T8 W oy il 52 OH AR, IF B BB AR N A,
Xf T R B R LR 3 R T A TR
PR PR S A A R A B A AC U 207 WS EOR AT
Lo IS HG HE B 16, % T 3k G R T AR — 2 I I R
MAC ™ i 5 0 B, HE kAR AL 7l Al gl DX e 22 5 Ok
BREE,

1% GE AN W st A R 32 20 i N IR & 7
HE H AR KB B SO R IR SRR AR, SR
Ve B R AR B MR AT N Tk ke s
TR NG5 DL IR L%, S B PR
PR R I ELRE Bl ik ) RORS 1 B R A
FIE AR 1 S J , A AR Wy 1R 3 A JE A 4 A g
K, HEE WA A SRR 2R HESIE A, G F
A T e A 2SO 2 TR I 7 AR AR B DG B O A Ab
FCo AN A T LA | AR Ak B AT S AR B 4L
AR, X A (R AR A HL T SO B 1 B4l b AR O f
(ELAR AR R 3 T 52 B IR SRR B 0] A B A S A R
XF il A AT H 5 39 A AR YR 30U 5 R 2 AR
Rt REAHEZE L,

BRI e A A W B A AT 55
IAS T AR 1 B, A5 24 A7 7 A ZR AR 5 B — 1Y R R
RO RE S LA UG AS R B8, B0 DL SCARAG RSO 1R
ERFAAE W B H N R SR BT R o BEE A
WAk A5 B R IE R R4S BF T N B i
AR BRI A MBS W 255 40 Hr , T 5 B
¥R (Cross-modal retrieval ) 1F 23 H 2 S iE
Z 1) B AR DL B AG: 3 — 5 1, O Rl IR SOR SR 24
RS X B AT v 8% L A 5 A, i HOR W 2
WS BR R P — AN BRI GE ez i A
BEIT S AR A A, B T
Ve R (5 BB B 2 ReE | R s Se AR 1
PARBSR R AR SN B ANTAY R K, X T &
B AN RN B AR Wi L R SO S5 B
BEBIFARE 2T H BN LG T M 2R R
PR SRS R il 5 S0 IR [ AR A 2l B
A, ARAT HIN 2 Je A R A AR Wi HUE A S AT XS
PN W s 1T B0 B I BTG SR AR R B o (B H A B R
K6 2R i AR AE AR TN T, PRI B B S A R A
Al I 52 BEAAE 1y g HL T 0 RS A KRB T 2
Vi RS

AN [ S AR R A7 S 2L g R AE 5 1 A2 H.
o) W AEAEAETE AT 5 BN AN B P SO
AT IR, T B ] Y SR G BN X A 3 AN
[ 5 265 ) R OE A 38 e 2K B 1 SCOQ IR B = . T,

e RC HTE BRI AC B SOAS Z TR AR S e ) T
BEA WSORE Z A1 5 8, SR LS TR
Z PR S5 1 36 SO aE o DRI, O 1 fig e b ik 1)
A3 A A B R G E B
BLH , BEAS B0 2t I8 55 SO v T B Xk ) T
AR TBASE , SFe G fif 32K Tl A 285 8] F) AN XF 25 LA KA SF- i 4

ARSCRL 1T AT HE P A5 -5 H AR X 0 9
L L FE SO WF X 2, 0 BUAT 7 1 A AR A 2
— B )AL R RS SR R AR T AMAC TR R,
) FH A 2 T AL T 10 45 R SCAS B8 0 A e AIE 2 B,
fdE KR RE A% 4 v T G OR SCAS v b B2 A00RE HE 8 53,
o7 ) UGS SOAS 19 35 R U SUAS 8L, AT HZ 3 P
Z IR SCORHR B XA AC U A [ SO SRR
S B AR A T e 1) S I R AN R N AR AR
i TG R e BT ST B

1 BMEEIEANANEXERSHRER

1.1 HEAENETRERIEREY

A3 B AT R E XL B AV =
[o b0 BRI B e, & T = |0}, Fom SR B
B, EL 1, 9 o B SCACHE R, 38 1) 200 IR 00 P 3
HA v, - 10 BULZAN A e, ) B RS0 AR R
JEH, FC ¢, = [by by, by, |, m WM AD M 5 2K
SR, R i A G R T4 A
EL R SN ETN SR =8

RSO S 1 SO S R
48 2 S e L R RS 58 T MBI 3 R4 LK

1ty S B GREAT o S 8T  E H TR
di RSO 1, X RVE R R 5! RSO 1 %R R
BEAE L, b TG T AR IE 8, M 1% T DX v 75 )
WU PG o, X T ST ASAE 5, S R v, %
R B3 AT

S TR S 5 % AT 55 K B, 40 6 AT — AT I
B PR 49030 A, T o B4 2 P L2 T — B4 AL
ORI B 52 4 AL VAT 45 1 1 — B 15 10 412 09270 7
T SRR W 2 A4 TR R RO R A 4
2 60 B4 3 ST 39 T 42 46 504 o 7 9 1 4
SEL T TEARSC R B D R
FRYJo A 58 o £ P P 2 9 3 sk f X R,
DA % S A T A % sk A AT R O 4 X X
S A1 B SR M0 Bl 0 LT ) 4R SO o i 5 A
S B AR SO S e SO G A5 e I 5 4
ST O 1 20 FE A G I 81, 9 9 T 1 5 1L
S ) 5 5 L TS A 19 6 25
A, 2000 e A 5 5 T A e 4 5 S A A 5 AT
B0 50 93, I F S A AR5 G 34 585 S 5 L (A



552 1 XUSE P A RlE T ALE] A AAC B B SCRS RS A R T 1 301

VGGI19

A1

H5 R HE 22 4]

Fig. 1 Frame of model

SCA KA PRGBS 22 1) A R i) — B

X T SCARBES S il it word2vee 75 R FRHL
SCAS v A A BRLR] 1) ) [ AR Sy SCAS 18 200K FE R AE
F o 4% 18 5 Transformer #68 B13% AL &5 SCA R
SCAF B 2HORL BE FRAE P 81, ) 5 g — A T R Bk
B HASMAER, LAF5EN BN R,
B ml A SR T L AR O 5 b
ANTUER W TE B A, BV I8 36 B i B
JEIE T AR BCE X P 51 50 R AT AR AL AT 3 4
BT RFEEE AR B SORRRAE . R, X5 T
BRES B it VGG19 W 28 48 Btz I 2% e e — 1>
WAL 2 AR AE 5, 068 LAk 20 T 49 A 1 KU
fiE, B B AR B 400RL FE R AE 7 81 . #45  k LSTM
W0 2% ZR AL 3% TR bR SO B A IR FE R R AR
B o R o T LI DA R AR Y O A 2 R Y
FRIER N o B, 0 e 5 25 58 B AR B g A5 285 P ) )
PR DL R A5 2 ) — Bovk 45 2k ok 3R] 51 S A Y 1Y
VI
1.2 XAREHER

TE AL B A AT HLE SCAR P 280, 2R A Transformer
Uit 1y o X} SCAS AT G 1 ,Transformer“’si +& Google
BATE 2017 4E42 1 1) —Ff B SR 18 5 Ak B (NLP) 28 it
RREARD S — FoRT (4 i 0 2 ML R 55 B Y AR £
B AT LA AR A6 BRI 2% ( CNIN) FIAJ BF
22 P2 (RNN) SR 2 IBUF 91 iR AL, HLE5 kg an il 2 B

[batch_size,seq_len,embed_dim]

5

—{ ﬁ%ﬁ%ﬁgﬁﬁw |
ﬁ

| il |

Nx

—4 595 RIS, |
l

EE I
t + 4 )
LB AT —>€‘?
| AR A [batch_size,seq_len,embed_dim]
¢
¥

1

%

& 2 Transformer #5 %Y (1) 4 B i 235 F4)
Fig.2  Encoder structure of Transformer model
o 1, N A Transformer 1248 o
LA 1 J2 Transformer #5251 5 5] , 12458 4 ] LU
RRIR N

[batch_size,seq_len]

y, = transformer( x,) (1)
L x,—F A BYia) ) &
Y, —Hi A a] ) i 28 0 AR R G B IS R
[
FEXT SCAAF B AT i i B, 6 T 45 22 1) — A 4
FEHRFESCR ¢, WRASOR ¢ s T, A, af
R ht =[w ,w,, - w, T o TEASCHT R4 4R 5C



302 £~k

2022 4

ATE R VR I Wikipedia 35 8} 2, 3£ T skip-gram
5 Negative Sampling % W% #4 & word2vec #5581 ¥ ¢,
H IR R E] w, B A Sy — ST e i 0o v, 15 31
AW 4R BEREAE T A, BB S B R F P13k A
Transformer #i % # o LR BT 3 v B A4S B 60 5 1
SCA BRSO B R AR M iy AR B S T SOAR
TUE B AR R AE TS Y, = [y, y,, .y,
Yo, o BN R
x; =word2vec(w,) (jell,T,]) (2)
(Gell,7]) (3)
PR AL Oy i S B B I HL
Transformer i fith 2% i i (9 SCASFRAE 7 41 Y, 2% AHiT
T 2 B 4% F R 5 A softmax BRI BT B4R B R 41
RS y, MR ITAE o), %R0 B RE T 5
ARERR T a=la,a,, 0, |, BHAETEAXN
a = softmax (W, Q") (4)
0' =tanh(W'Y)) (5)
Her W, W, ke BIZMAE, 7R3 30K ¢
A BT T AU S, 6 BT A B3R B R ) &
FLVE B B HEAT IR A 21 e 5 1 SCA R d;
(42N 256) o FRIEJF A — o R T 2 AL E
TRIL T AR A SCA () B R R Y SCAS RRAE
W R RE 6 28 ) SCAR N 8 b i & R 4y . d) 9 R
Wit A X

¥, = transformer(x;)

d;:zajy./ (6)

1.3 BEGHmmER

e Ak BEAR AT SR BRI, 15 S8R R v, B R
PRy 256 1R 3 x 256 R R, IRk ik A F VGG19
g 2% v AR IR I 2% i i — 4> AR = B R R RT3 L %
FRAE S B RS 7 x T x 512,3 A S 8000 5l s e
IE P 1% 10 v 98 LA R T R, ORI R AE RS A AR
ER 49 (7 x 7)) A5 DI I B RRAIE , 454> - DX sl g
BTN g 512 HERYFFAL 0] B R 0X 49 A X B0
TEC A AT AL B R B AR AE PP 51, AT AR R g r = [y,
Fyvr e 1T BRI RE -, W A K
ST XF R R R AE 1] B, SRR A TG B E A2 M
A (Long short term memory , LSTM ) 38 I & T
B ETSUE B W AR R AE P H, = [h, by,
b,k

LSTM & — it 455 K 1) 00 21 b 22 00 4%, i od 32 42
BT ) RSO S 28 SR 1) /Y BE ) ok, ] I
TRBE T Z B R ] 25 KA R, BB 8 A S0 e — i Y
RNN 7715 5 K 1) 2, 141 3 O LSTM 153 ot
PR S5 48 o

3 LSTM HIGCHLH
Fig.3  Architecture of LSTM unit

LSTM Lot 5 A X
i,=0c(W,[h,_ ,x,]+b,) (7)
fi=a(W/[h _ ,x]+b)) (8)
u,=tanh(W_[h,_ ,x,] +b,) (9)
o,=c(W,[h,  ,x,]+b,) (10)
C,=fC, , +iu, (11)
h, =0,tanh(C,) (12)

H f, Mt ], FoR C_ R ELRRAE B T 1157
C..f i&—Am &, m & EEAN TR AT 0,1 ]38
FEL PN s, 3R BRLOTOIR 2 TR (L, o g A BB x, FTER
TR, G H AP A B TR R
(L1 P75 oR B0 6 ) tanh, @ MEIATT, [H f, —
FEZICR A T L0, L] X[ A A [ &, i x, F A,
2oy Sigmoid THEAFEN @, T w, (1 WP 4L 4R Al
MFH C, 7505 f A e 15
IEL R A BT A B T 7 98 B A A, i B AR RRTY
S R, R, BT 0, MIRITRE C, 133, K
Hoo RIS f, Mi, MF. o S Sigmoid i bR

o(x) “Tre™ (13)
+e

F 36 [A)BE M) ML H L LSTM 45 2] 9 R A%
Fe 9 H, 35 A5 22 B 25, B softmax p& £

X LAY T R ARSI B =B, ,By s B, | T
AW

B = softmax( W, Q") (14)

Q' =tanh(W'H,) (15)

Hoh W, MW, R4 HIZMAE . W e 5 ER
E R S B RIE ) (HERE 0 512) B35~ 5K
H
d; =i,8jh,- (16)
1.4 EEXERR
TEARATAL 5 2 35 M TE S 2R M AT 1L 3 SO F
PIBASAE 2 Ji 3 a2 2% 4% 19 245 %5 45 21 59 SCAS 1]
BEARRAE d; S d; 53 50 w5 3B 6] — A B as | o



%2 1)

XUSE P A RlE T ALE] A AAC B B SCRS RS A R T 1 303

N s H sy (4EREE O 1.024) 3T 52 AU
TR SO 5 BB Z R AR DL B

TE A B AL A SR ISR LISk [ 18 ]
F A A IR 5 450 % BRI, 0 AR A SR PR RS
2 T ol SR S R BBl 1] 1 T SOGB4 T 2000

7 e S5 B 25 8] ) 9 SCAR 5 GRS AIE 1o B 5l
— AN aR e T S A A P ) S 45 2k 2 TR ARE
Srid B A B 5 RO SCA RRAETE 2% A RS R
Rt SC 00 75 1w A AT o %03 26 4% LA R I SC
AREAEAE D i A T 5 4 A P T T S ) A ME R
IR A A SCE T R AR LS AR A 5 P A M R 3 A
[E1] 149 58 SR A AR AR A N D %, B A O

| . o
L..= _72 (¢, (logp,(s;) +logp,(s;)))
noi=

(17)
X L, —Brfr R SCAR X i U5 3 2R 1 52
SRR
n—— R SCAR R AL
e, ——HIFNIR2E

4 2 T 5 51 P 4 3 A X4 o B — T3
PR 35 SO ) 8 5 — 2 97 %4 0 9

e
1AL ] — SO S {5 E A 1 5 S0 AR %t
FEAAE 25 ] #3540 30, A A 0L 0 483 A %4 7E
B 75 ] 1 1 B B0 A2 05 02, 2 W A5 S T 2 ) 4
HRHE AT S 1 — BckE o LI SR B T A BRI £
S WS A B 4 45 B L S A
AT MR SORRAS ) 1930 s, 5 LA ML (B
R IR SURRAE) (050 5!, Ky BT 1% = T0 41 RE A
Bl (ssy s ) | OREARR 7 I B S AR B 45 o
B A SCAR st AL DR IRl 2 S A = o6 41 R
AL (58005070 | o S LI B % SO = e
AR AR S A 38 i B /A B A = T 4LRE A A
LR AR X 2 T 14 B 5 ) e S AR B0 BE A Xt 22
i 4 B35 A P 0 SC A S T £ — Bk . L

425 T — B 5
L =Y [D(sl,s)) + Amax(0,u =D (sl s, )) ]

(18)
Ly =Y, [D(si,8,") + Amax(0,u - D(si,s,7)) ]

(19)
K L pea— EERBE S [A] — 5
Ly pupea™ XA BEZS — MR K
A—F 2 G AE
D( -, ) —— 15 il &[] B 42 5% B 8

PA D(s;,s;) AP, Hat i s

vt
§;S;

D(s!,s)) =———"——— (20)
sl 1l sill -

SRS ] — BRI K L yed BT L ed AT L
MR, e
Liotaed = Liotaed  Lictea (21)
PRI, S 5 A e b B O A TR 5 4 S R R L
AT RR N
L=g L., +&,L, .. (22)
H WS e, Al e, HIT VM7 25 450 2 I LE I 25 X6
BERL 5200
25 b AR SO e A TE B I AL 4 Bk 4D e
KR 5 SR Bs A B T 20 5 00 35 PR AR B 4%
A T8 e/ BRI B 51 2% pR EOR IR R M AL B
PR 5 SCRFRRIE 1) 1 1 SCOCHK, 42 48 AN [R]85 25 0] 1
SCHAOR I AR, e 28 3K B $12 T A A He 5 8] SC i B 25 4G
g2 ESORENTN

2 HiEmALE

2.1 REHBERSHIEEWE

DIRUBE R i 908 e R L e S
17 Fofwy U A AC Hy 3 S B 58 X 4, 38 2 S H R A 40
HR A A A D) B 9 4% € e R 4R 3 9 380 i 2
17 MR HE R FEAR BUR A . jpg #%
2o MR B SO A A5 G 3R B A AR A R 1 7 2, AR A0
I 0 26 9% 38 A Bl & 5% ) 6 Ry B S A AT R o T
A HE BRI X0 SCA A B 4 S H A
R s R A 28 R B SCAR R . 45 17 2
el B A T T JE 2 AR 2 AR 28 0 Sy RUE AR25 1 R

TR AR 2 e B, DAL R HE R AR A 16 b

Sk, DABSRAS K R E Y Wikipedia £ 5 45 14
Ry LU R A AT U RS- SO X B 3R i IR 8 2
(8 L0 K B g A e R AR ) 43 U R4
£ . Wikipedia %4 £ [EIR —SCA X 41 R g X 3C
AR B4R B @2 nlbnss” , B i g sk
B AR BRSO X 91 Feas 00 GO X %72 SC
AR A P B R HIIRE
2.2 HIEEES5Y R

BEOXF B g M R HUE BRI RE AR D RS R
W) 2 v 25 5 e A e AU TR, A BAF 9 SR FH AR 9 3 R
BRI IR B R AT 70 o BAE3 58 AT 1 i f 4K
AR B 2Rk N A i S5 4, i — 2 e Tt
YIRAL R )7z A fig

TE AL PRI RAE A I 3 5 x5 R B AT T
B ST R BEAILR B LA SOE B AR 1S A
el FH AR FEA 3 o AR Y A e 45 Kl S



304 &l #Hl

B4 A T B SR A 23 2 ) PR AR B 3o B SC A 7 A4

Fig.4 Some category images and corresponding text examples of self-built Lycium pest dataset
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Fig.5 Lycium pests image data enhancement operation
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Fig.6 Lycium pests text data enhancement operation
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Fig.7 Precision — Recall curves of image to text task
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Fig.9 Examples of cross-modal retrieval results of proposed method and comparison method MCSM on

self-built Lycium pest dataset
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Tab.2 MAP results of baseline experiment on

self-constructed Lycium barbarum pest dataset

BB R SORRR

o I
AT (I(A) +T(A)) 0. 482 0.433 0.458
I(A) + T(NA) 0. 460 0.416 0.438
I(NA) +T(A) 0.438 0. 429 0.434
I(NA) + T(NA) 0.377 0.361 0.369
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Tab.3 MAP results of different feature dimensions

I 2k KR RICR  ORKRE R P {E
256 0. 465 0. 407 0. 436
512 0. 469 0. 428 0. 449
1024 0. 482 0. 433 0. 458
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