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An overview of insect classification and recognition based on image
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[ Abstract] In recent years, for automatic insect recognition technology, image—based insect classification and recognition has been
gradually developed. This paper reviews the research progress of image—based insect classification and recognition technology from
three aspects consisting of image acquisition, image processing and classification, and analyzes the advantages and disadvantages of
the existing methods. Finally, the research trend and development direction of image—based insect classification and recognition are

prospected.
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Fig. 1  Structure diagram of insect classification and recognition

system based on image
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Fig. 4 Insect images on sticky mats
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Fig. 5 Insect images taken in the field
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Fig. 6 Characteristic classification criteria

2.2.1  [EERHE

[#] 5 A7 AIE A2 HE 6 B 422 PR RRAIE 4 BB 4 A )
(1), AT B — DN 2R RRE . L4 R RRAE R i
TR BB g w UL B9 5 J7 ¥, Arbuckle 4%
OV e I 1 R bk LA R L T L) AT
Ll A2 UBCA R ] o ST RS B
WKL # &8 80, Tofilski 45 A A0 L3 g i ik Ay
FEA, B R IR AL bRk A R B R, DA AE A
fIE, T Yang 25 "> FHAR 5018 37 - 22 0 b fi 4
JEE , DL B e B A AR AE R AT R, B B R
R T E B A s sl Y 5e 28 0 B Ok o ik
], Gassoumi % NP Leow % A" MUK X
S0 R R B TR AR A R A v B BUREAE D0 17
R O KA R i B K B KB
J7 15, X JU AR 2 b B (2[R A
2557 B VAN A0 40 A B2 4 R R B B, DT 5%
RSB EE , R, Wang % A8 &3 THA A K
P U BESE 40, 2R H A O 38 1Y — 2624, T
SR IR B IR B 0 L 4 55, SR T 3 TR
R, Hu %5 (Hu) B R 455 (EFD) A2 10] B
2 PR (RDF) FAS h — 820 (LBP ) X 4 PMEAR
FRAT C JF BRI B4R BF 58, Yalein 26 A
T Hu 5 (Hu) B8 7 538 7F (EFD) (42
I1] B 25 PRSI ( RDF ) FNAS H — E il 555 (LBP ) 42 HURE
fiE SR 5 38 1 A 248 4 AR I 45 R 5 7R
—if, SIS S5 04T ik 3, B — SRR R0 2k
By TRRE 18 2 AR 298 N 51 FF 46 1 FH 2
HRUREAE 4R B P T AE S1 . Wang % AN 15
CBIR YR 30 T — RSN IEAR BRSOk
i, fd A R U R B TR 7 2R . Yao 5%
N RECT A — Rl B AR B TR RN SO R AR
AR, A — SRS Gk R R Ak
AT RS PR, Mayo %5 A X QR A T 3904k 2 LA
or i) B A 7 AR S D a4 R B ELVRRAE B,

AT Ry BB R AR, T SCHR [ 13-15,17,35-
38 ] MHRHLU T 44 1 STFT (R AS AR FRAiF A8 e ) 45
fiF. Solis-sdnchez %5 A7V Lytle 4§ AT R HR
SIFT HRAF D FLFL X X 42, Lk 52 2 /D e ok
it 2 i S AR AL .
2.2.2  HEFHIE

H 2 REAE J2 pR AR A $E IR B2 I [ 5 R AE , P
AR P AT U ZRAS S HFAE . Weeks 25 A R
e A SR B R S8 ( DAIS) | 38 i 5% 3 o 40 4
(PCA) J7 AR BULT BT A S A B 1 EAR RRAE
{2 PCA FRIESEIE A P Fh Z 400, A T SE 3R N
IR, Xie 45 N 4k T & T 44 W A sl
S (SPIDA) I FEZE & 58, FIF Daubechies 4 pREM
JINIHE R Y - B T fulE P e 4 ) RS A A
SPIDA [RFAE ] f2, FH DASR AN [R] A gk 17 X6 Jeg
FRRFIE ISR 3B (0 53 KG a7 3 T Oy 1 4 Tt
SCHR[ 13-15] R TR 8k 8% b, A
UG P 3 IR R AR 5CH | 138 2 1 R A 9 R 1]
HORFR RO . IR I BT A SR A 3R
JORBI AR B, SRS (8 A% 7 R R Y
DX I AR A ISR ok B ) IR AR A AR A ke S )
FHF A MG R i — A i X s i) SREUR B
Dy, Pk e TR ER IR R | A A 8 () A )
i, TR ARG B RVRRIE X R AL 53 28 B s AN
], SCHR[ 19-20,35-36 ] FI H Jc it 1Y) 24T 55 # i
INHIZ 2] (MKL) AR E TR BBV RS, £
1155 F B B HE AR T LAGE & B MU 2R R4
B G
2.2.3  SrHINGRHE

O3 P GrRARFAE S H R AE B U B A 1 o
ik, 2 RGN 2545 B b JURHE , Pl o R Ge il 2545 2]
O3PS R AE, 43 I 2545 HE A7 AR 22 v ) 36 R
Wen NP5 T — R 5L JEAR RASSE  SeH
B R IEVE ]y e S 20 B 3h 445 (SDAE ) 1%
Ao BINEMER) A gt #% (SDAE) JEH Z4~ A g)
it 2% ( DAE) ¥4 B — SR JZ I 45, AHF— i
H St % ( DAE) 2244, SDAE 2 k405 M 75 75 i 5]
YIZRBHE T X B IR SDAE 2% > #23 \ EL S0
Hor B S

3 9EFE

FE ISR FIRIRBI R AP IR . RGBS
SERITEARZE AN ANN SVM %5 SR T BE & 1T
NIRRT EE 7 M 2 B 2207 it HE A,



53

WepiL, 2. BT RGBT T LA 33

FEEUG RS ) B 5T BCR AR, AUk, AR
SCHEE 2 AT A MRS IR AT
31 BHEHSEFRE
3.1.1 BAGRER

PUAEH FH B AR e 30N o3 288 A YR SR )
HHL(SVM) A T2 R 4% (ANN) | H 4 15 £ H:
B, BN . ABIS( 8 A sh Ui R 40) 17 |
LT CBIR (R R UL RG> TR G RAiE
AL MKL 7% (LOSS V2 Bk 45 Ay
PR P B S HF 1 E AL (SVM) | A TR 28 W) 2%
(ANN) X 3 Fr o0 2848 B9 BETE TAE S BF 58 4836 a0
T

(1) PR, Pesfedr 0 gt — Al A
(R TR 2 ), LR A A PR T A AR R — N IR
PERIR, Hoor SRR MR i 25 38, B ) B4
HF37 AR — AN 2800, WA B J2 9 St AR
gha, REAPREW B AR, Mayo % AP Silva
A NIRRT 4.5 B AN T 2 e SR, Larios
ENVUE ] Logistic AR , H AR T2 800, K 4
TZAERUR T R R A s B o] LU
B ) A SR e R AR AR g, (H S 2800 R 2, &)
25 a5 AN AL BREAE SE I LU s i A di B
FIT AR BRI AT

(2) ZFEmEML, LR EHL(SVM) EES T
ST VO 2B FIEE R RS fe /M S 2 A I
SRR ISR 2T i N E A T R —A
YRR SR A lm) S8, SCilik[ 2,4,11,13,21,28,31,35~
36,42 1 #0 M T SCFE EAL(SVM) . WFFE AT, 3C
BR(11,31,35-36 ] FHIE4e % SVM, 1 SCHk[ 2,4,
13,21,28,42 1 {#i H 0y 244k SVM, SCHK[ 2,4,21,
28 | EBFFE b v 22 1 2 B A% 1) K bR B o /E i —
Ao, T Wen 2N Silva 8 N H1 T A
F LW SVM, SVM 22U AR R85 w5, 5
X KBNS, il ke 22 53 25 0 WA A7 7E
— 7 RIXE

(4) NTHgmag, N T2 M4 (Artificial
Neural Network , ANN) J2& 3 F A5 {75 A #f 28 % 2% 1Y)
SEFFN D RE N L 1 —FP{E BAL AR IR
KA TTA N, AT B AR A [ 2
STAERRAE  FEAL B A Zk ARLR M AR OG 2R 4 In) B
A R, SCik[ 24,28,34, 431 AT
P24 (ANN) 47002 Wang 25 N5 R T —
A~ BP WM 1T %%, M2 BA 3 2 B f A
2 BRORE AN 2 1 Al-saqer 25 A o

2o W28 FHAR AL o B S i A iR AT N 2, N T
S AT AR R A T R s S P RE
3.1.2 HAENES

HI T BN 2 2R d U R R 1, i —2ER
MR EZ AR H A, Russell 25 AP %
T SPIDA R%t, 3% & H 8 Bl 259 ANNs 41
BT H AR ANNs #RA 2 AN 3 s, — NIk
(), — N, B ANNs 14 1E 46 H 18 ol A7 31—
SRR HATHEY . EFERT =4, BB 2
R IX LY AR R P R, BR T ANN 43
RESU A B KNN 432888414, Yalein " ffi ] 4
A~ K—Felr 48432545 (KNN ) 76 A ] B4R AE il iR 45 1
FEATINGR 38 A ZHCER AR SR I AR B 25
AE e, LIRS, (IR MHER > S8 S
ANREHEAT LUAL , I HE AR I R B A  XE L4 iR
B, P Wen 25 U (3 T3 B0 AR S A
[FIFEZR USRS — 2 JEAH KA g g, Wiz 47
WOy R EE SR e A (T DL 2R 4R )
YRR — oy 2K dn, Rt ARk 3 28 & (BAT B 48
IYRE)EN e, BRI AR LS,
TNZRARSCHE AR (MR T2 7 1 B ED) |, U3 P ) Ay
MEGr 2 LL4S Hh D E
3.2 REFIFE

VAR | TR BE 27 2] e el AR K By
13 2%, Bl IR BEAE & W 4% (Deep Belief Network,
DBN) 2 [’ 2% ( Convolution Neural Networks,
CNN) i I3 # 28 ¥ 2% ( Recurrent Neural Network
RNN) . TERET BRI R L 2R 0H 58 B E 2R NG
FRAFZE R 2% (CNN) |, HIEAR 250 40, 5 AR 8
2 i E AR AR A )R XA
A H F Matlab ( R2010b) Fl GitHub - —A~FF I
TREE2E ] THAR, LAZ S CNN 2544 LeNet-5 #1774
R B 1A GE U 7 2 h A2 2R Y RS A B 7
BE TR B~ STHEZR (3G 0 32 A [R) HE 22 %) B e [
BT 2SN SOk M £, TR 2% B A5 N gt
3. CaffeNet BB TFOIASAY | HAR 0 S A (R IR T
54&455 SVM J iR A5 AR ZEA K HAE RG] F 2R
PASE T 108 1 3 PRI A5 sk | R 31 i o 30 AR ¢
SVM 5 %, FE Wk % AN i T Alexnet Al
GoogleNet FFh X Z&HLHY | 2 PR Y fir 75 ) 19 25 SR AH
FEARK, B 7587 X iR B e .
T B ARPREE AR Y B R B U R AR
HEAE N SR CNN A9 fiT A= 33k  BP Faster R—CNN
ST AR FREE T A48 0 1k (R AT O, 15 3



34 2 ofe i &

L5 B A

9%

TR TONE . AER SR A R B AR A
BN SR B, O TR P RE e i A
izt R 8 it MobileNets 4 HE TR B 2F > #5
RUBEAT o3 AR50, L i by A 455 30 B A5 7 7% Bl I A%
it , B EA BRG],

4 it

LRI SCIE R AT LR B AE T IRR R B &
SrRIRBIBETE B 48 T AR A S 9838 BT HR
LA AN 3 S 1 2 T R 4 R L SRR AT 7T 2
Hh {ELE B TR B R — LU L B Tl | ik A %
iR ER

HABRETHLE B RIK B T 96% i3 2 hE
HUR A G H s 22, i ELARXT T AR LR UL, 2 A
SIS NG = SR ELVINOE (K 27 N ol R U
RS AR AN T I TPl TR s, (A
EiaEE IR S EAUP-R/S R8I A A CE LR SRV )
R L B RETHLIASS A R A0 BRI E 22580
IR A H R ORI TSR — X T A SCHIFE T
Y PG 2 DA S B 2 7 5t B AHPLR AR R GO 2

BT, FEBEHTSRE &, P AAL BR AR H AT 2 2 I8
AR LA Sk, B B TR AL BB AR RS A 98
PBE TR REBAL PEACR i R BR EBA, H AR
PRIE T B MR LU 2 B9 S PR [R] A 28 25 A A
Wi Bk i A A MR AL PEEA

BE TR JE 7 > ORI S Jig TR IEE ~7 > BRI H]
TG U FT AT Pl B A5 BV 56 UE R
T RGBSR ATl o 2 A (3R
S B EAR Ak D BRAE A Hl & 1 T
T MR G BN B — BRI R R A AT
AIBIFSE s g, (EAR S0 U0 A ) J2: , 1 8 R0 7 vk AT
J2 H AT S 0, 2 0 IR B0 7k i e )y 2 nl
HRoE w5 , Bt 2 MG i /> TR 2~ T ik

5 HRiE

B BRI 1 R AT LA EAY A 28
PRIEE T A MG BOR 1 22 | 108 ARk B SR P 18R
I R SR RGN J2 2RI, HLIEIR rp B AR Y
B Ak R ARSI B AR BR Y 55 — AN AT
], G AL B AR 5 AR S R B9 ) B, i AT
TR it R BT 7R T B N RERS IE B 0
G SO M E R AEGE R . Wi H., TR 2T 4
ARBAWT A ALK Sy T B B 7 2R U3 F
FEARBEIR SRR, AT AT/ A A BB R TR I 5

+H

A EARMRE 2 TR B R ST i —
U F TR

&% 3k

(1] TEIBhifE, FRER  ZRE 0. B B IR HE A R JF it DR R P AF oY
[J]. SER R (A AR ,2003,22(1) :81-84.

[2] YANG Heping, MA Chunsen, WEN Hui, et al. A tool for
developing an automatic insect identification system based on wing
outlines[ J]. Scientific Reports, 2015, 5;12786.

[3] ZAYAS 1Y, FLINN P W. Detection of insects in bulk wheat
samples with machine vision [ J ]. Transactions of the ASAE,
1998, 41(3) :883-888.

[4] YAO Qing, LV Jun, LIU Qingjie, et al. An insect imaging system
to automate rice light — trap pest identification [ J ]. Journal of
Integrative Agriculture, 2012, 11(6) :978-985.

[5] B W7 XUBRAN 45, BETRARIEACHY 2 H bRk RE AT 75 3 Huild
I EIEEL ], UK REREF,2012,26(5) :619-623.

[6] WL, kadfh, 20k, 4. 2T R R JUn 8 A sl &
GERRTFE[J] Ak THE£4,2008,24(1) :188-192.

(7] v, wkis , in4s, 4. JET FR K FE AT 535 B 3l )
BRMBPIFLT]. P EKFERE,2015,29(3) :299-304.

[8] BRI, IKELG  WRBk 4%, 55, JE T UL AL 08 1 fif R 5 U2 REAG
ARG [T]. AU, 2003 ,34(2) :83-85.

[9] WEEKS PJ D, O'NEILL M A, GASTON K J, et al. Automating
insect identification; Exploring the limitations of a prototype
system[ J]. Journal of Applied Entomology, 2003, 123(1) ;1-8.

[10] ARBUCKLE T, SCHRODER S, STEINHAGE V, et al
Biodiversity informatics in action: Identification and monitoring of
bee species using ABIS[ C]// Proc. 15" International Symposium
Informatics for Environmental Protection. Ziirich: CiteSeer, 2001 ;
425-430.

[11]FAVRET C, SIERACKI J M. Machine vision automated species
identification scaled towards production levels [ J]. Systematic
Entomology, 2016, 41(1) :133-143.

[ 12 ] WEN Chenglu, GUYER D. Image — based orchard insect
automated identification and classification method[ J]. Computers
and Electronics in Agriculture, 2012, 89(3) :110-115.

[13] WEN Chenglu, GUYER D E, LI Wei. Local feature — based
identification and classification for orchard insects[ J]. Biosystems
Engineering, 2009, 104(3) :299-307.

[14] LARIOS N, DENG Hongli, ZHANG Wei, et al. Automated
insect identification through concatenated histograms of local
appearance features [ C ]// IEEE Workshop on Applications of
Computer Vision. Austin, Texas: IEEE, 2007 :26.

[15]SARPOLA M J, PAASCH R K, MORTENSEN E N, et al. An
aquatic insect imaging system to automate insect classification[ J].
Transactions of the Asabe, 2008, 51(6) :2217-2225.

[16 ] YALCIN H. Vision based automatic inspection of insects in
pheromone traps [ C]// 2015 Fourth International Conference on
Agro—Geoinformatics. Istanbul , Turkey . IEEE, 2015.333-338.

[17] SOLIS - SANCHEZ L O, CASTANEDA - MIRANDA R,
GARCIA - ESCALANTE J J, et al. Scale invariant feature
approach for insect monitoring[ J]. Computers and Electronics in
Agriculture, 2011, 75(1) :92-99.

[ 18] MIRAE, X552, VA, 4. [ 3 i 8 FH I 203 mURITARH 25 1 it
RS FIRAERELT]. ol T4 ,2018,34(1) : 164-170.



53

WepiL, 2. BT RGBT T LA 35

[19] XIE Chengjun, ZHANG Jie, LI Rui, et al. Automatic
classification for field crop insects via multiple — task sparse
representation and multiple — kernel learning [ J ]. Computers &
Electronics in Agriculture, 2015, 119.123-132.

[20] 3KkAF 2 AL, 55 BT ZRAER S IR E R il &
HPEGIDELT]. ThELOlR,2018,51(11) :2084-2093.

(211 BR AR, AR, SR FETHLEHLIE /N2 T R 43 1 50
FE[T]. Al T4 ,2007,23(12) : 187-191.

[22] B, U HAIE ARG SE , 55. A4 958 BRSO doRp AR (B 4R
AREBEFELI]. W T2= 5L, 2004,21(12) : 111-115.

[23] GASSOUMI H, PRASAD R, ELLINGTON J. Neural network—
based approach for insect classification in cotton ecosystems| C|//
International Conference on Intelligent Technologies (InTech 2000).
Bangkok, Thailand; Kluwer Academic Publishers, 2000:1-7.

[24] AL-SAQER S M, HASSAN G M. Artificial neural networks
based red palm Weevil ( Rynchophorus Ferrugineous, Olivier )
recognition system [ J ]. American Journal of Agricultural &
Biological Science, 2011, 6(3) :356-364.

[25 1M, R ik, oAt 45, SR T R B A BURN 22 9 2% A il H 2
PRI T]. AR ,2018,34( 1) : 154-158.

[26]JRUSSELL K N, DOM T, HUFF J C, et al. Introducing SPIDA-
Web: Wavelets, neural networks and internet accessibility in an
image—based automated identification system[ M ]//MACLEOD N.
Automated Taxon identification in systematics: Theory, approaches
and applications.New York :CRC Press, 2007 131-152.

[27] FRANCOY T M, WITTMANN D, DRAUSCHKE M, et al.
Identification of Africanized honey bees through wing
morphometrics: Two fast and efficient procedures[ J]. Apidologie,
2008, 39(5) :488-494.

[28] WANG Jiangning, LIN Congtian, JI Ligiang, et al. A new
automatic identification system of insect images at the order level
[J]. Knowledge—Based Systems, 2012, 33(3) :102-110.

[29] WANG Jiangning, JI Ligiang, LIANG Aiping, et al. The
identification of butterfly families using content — based image
retrieval[ J]. Biosystems Engineering, 2012, 111(1) :24-32.

[30] FAITHPRAISE F, BIRCH P, YOUNG R, et al. Automatic plant
pest detection and recognition using k—means clustering algorithm
and correspondence filters[ J]. International Journal of Advanced
Biotechnology and Research, 2013,4(2) :189-199.

[31]MAYO M, WATSON A T. Automatic species identification of
live moths[ J]. Knowledge —Based Systems, 2007, 20(2):195-
202.

[32]LECUN Y. What's wrong with deep learning? [ EB/OL]. [ 2015-
06-10]. http;//www. pamitc. org/cvprl5/files/ lecun—20150610—

cvpr—keynote.pdf, 2015.

[33] TOFILSKI A. DrawWing, a program for numerical description of
insect wings[ J]. Journal of Insect Science, 2004, 4(1) :17.
[34]LEOW L K, CHEW L L, CHONG V C, et al. Automated
identification of copepods using digital image processing and
artificial neural network [ J ]. Bmc Bioinformatics, 2015, 16

(S18) :S4.

[35] LU An, HOU Xinwen, CHEN Xiaolin, et al. Insect species
recognition using sparse representation [ C ]//Proceedings of the
British Machine Vision Conference. Aberystwyth, UK. British
Machine Vision Association, 2010,108:1-10.

[36 ] LU An, HOU Xinwen, LIU Chenglin, et al. Insect species
recognition using discriminative local soft coding[ C]// 2012 21*
International Conference on Pattern Recognition. Tsukuba, Japan:
IEEE, 2012:1221-1224.

[37]LYTLE D A, MARTINEZ - MUNOZ G, ZHANG W, et al.
Automated processing and identification of benthic invertebrate
samples[ J]. Journal of the North American Benthological Society,
2010, 29(3) :867-874.

[ 38] LOWE D G. Object recognition from local scale—invariant features
[ C]// Proceedings of the Seventh IEEE International Conference
on Computer Vision(ICCV). Corfu, Greece:IEEE, 1999.1150.

[ 39 ] WEN Chenglu, WU Daoxi, HU Huosheng, et al. Pose estimation—
dependent identification method for field moth images using deep
learning architecture[ J ]. Biosystems Engineering, 2015, 136;117-128.

[40]HAN J, KAMBER M. Data mining concept and techniques[ M ].
San Meteo, California; Morgan Kaufmann, 2006.

[41]BERSON A, SMITH S, THEARLING K. Building data mining
applications for CRM[ M ]. New York; McGraw—Hill, Inc, 2000.

[42] Da SILVA F L, SELLA M L G, FRANCOY T M, et al.
Evaluating classification and feature selection techniques for
honeybee subspecies identification using wing images [ J ].
Computers and Electronics in Agriculture, 2015, 114(C) .68-77.

[43]BONIECKI P, KOSZELA K, PIEKARSKA-BONIECKA H, et
al. Neural identification of selected apple pests[ J]. Computers and
Electronics in Agriculture, 2015, 110:9-16.

[44TXEE  E 5058 MAHPE 45, R T B A M4 1 CEUR
BIITELT]. AP, 2018,49(5) :51-56.

(451 J8 0, ELMEIG , i R 5%, 5. TR BE 4% 2 11 W AR} 4 o A [
BABUN[T]. B HR%4H,2017,60(11) :1339-1348.

[46 1 HHIHSE  far , SHBO0, 45, BIERP 2 B Sh U T2 (1] THEAL
W5 AR, 2018, 55(8) :1609-1618.

[47] 54508, BT MobileNets [y 2R el 3 i 43 2SRRI 5T [ 1], K
B Rl 2018,24(9) :11-13,26.

(%5 28 11)

(141K R, RED, skT. DEEFESIB[M]. 4 . Lot
T Tk fEEL, 2015.

[I513REA, RIEF, REE. CHAED B RGBS M
[7]. 2R, 2010, 35(4) :177-179.

[16] XN, T, ZBEA, %, B3 ADS-B HUHL W 75 & 45
Hi[I]. Mizs2#4R, 2018, 39(5) :321866( 1) -321866(7).
[17]RTCA.DO-260B.Minimum operational performance standards for
1090MHz extended squitter automatic dependent surveillance —
broadcast ( ADS—-B) and traffic information services — broadcast

(TIS-B) [S]. USA: RTCA Inc, 2009.

[18 ] ITU =R P. 531 - 7. Propagation data and prediction methods
required for the design of satellite services and systems[ S]. USA .
ITU-R. 2003.

[19]2830. REESRPAARIM]. JLat. Bras il idt, 2017,

[20]ELBERT B R. The satellite communication application handbook
[M]. 2" ed. London: Artech House Publishers, 1996.

[21]ITU-R Rec.P.676-5. Attenuation by atmospheric gases|[ S ].
USA.ITU-R, 2003.

[22] k% ADS-B Wi BERTEBERT S FOT B[ D] AR i 774
R, 2010.



