#37E B2 & TR ¥R Vol.37 No.2
2021 4F 1 H Transactions of the Chinese Society of Agricultural Engineering Jan. 2021 61

MEERLTE AR IR E LR B 3R A Z B it 5t e
KRR, AT, X B, ek, B OE

(1. fdfl RET2ERe, E 430070; 2. AROMCR A ERKITH R RS & FE S seih s, Bl 4300700

# OE: eI RET, Bl R ERKEEN TR R FEA, 8 BB s iR B AR (RO RE , AT 40 s A0 1
WG R SRR . N T SO LR B IR LR A 3R A, AT R T —F A BB, SNBSS RR, 5
T RHRERLGHE IR LE 28 B SR RS . 1% ARS8 B BN G5 0 WLAE K BG REEN LR SR 40 %, SR T1F S7-200PLC
AT YRR ) 25 SL I 2% B () E shis i, AR ECREUMA T 7EL H SREURRIE A, o LA SRELRE A TR ik i 2 B, MR
AN AL B 40 i (R Bk R, SRR RS R S T Python AT MG ALTE,  DIREAS BG b R0k: 1) T 15 2%
MR A BT I NMEFHR T T BUYEARHES B, Bz FBE . K 48R3 1) 52 B0 5507 R 1) S ML S 07 P Al
RAARERL, S5 REW, 2 2 MNMFIESEURIR N K TR AR BRI AN ko 3 i, BRI FLAZE 1.0 A1 2.0 mm K
75 IR R 7 T A% K 0 R TR 1) TE A 2R B i 20 TN 94% 1 96% 0 I 9T BT (K FEAIL 67 I A3 70 42 1 B iR 591 38 B ) LA Sy
PERLOTH B IRAE 2% 1 s, A RO 8 353 7 2% 1 s B At 138 (0 iR R R S

KR MBI, RA; DA TR BUR; A ShIRAE

doi: 10.11975/j.issn.1002-6819.2021.2.008
PESES: S24 XEkPRERD: A

SRR, £8H, M F OBENGFERRIREZAIRANKERTSRE V], R TEF®K, 2021, 37(2): 61-70
doi: 10.11975/].issn.1002-6819.2021.2.008 http://www.tcsae.org

Zhang Weijian, Niu Zhiyou, Liu Jing, et al. Design and experiments of online automatic identification device for screen breakage
of hammer mill[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2021, 37(2): 61-70.

XEHS: 1002-6819(2021)-2-0061-10

(in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.2021.2.008

0 3

RV AE R, IERR R R T P2 —, 2
Il SRR FE DUASE )R 3 5 T 3 W R IR M A 1 o v
R FPU o JEURRR FRERLAR: 1 K /N DRk 7= it i 2 2 0 T
R, SR A R SR, T S R S D
N B I H i o BB A BN R ARDRHBORL AT LA
RE & B RLE FR RO AL R 2O L A
o e e a8 A B AT 5 T 5 AR R 6 08 S AR T8 25 il )
JEORHEI L35 DR SR AE PR DR AR B D h A 3] 1
PSR W s U INO N PSR R S U 2 s
TR A OR BB R A N B 25 1) <82 R Ak St AN BE B 25 1 Ao
AR ST ANAT H A T LSS 2% BT HE B B ALK 52 2108 R L
v L A 7 A O A RV T AR P T e o 7
T o O A A0 A AL PR 8 K R A 7 T, B T M
B0 L

05 A B 4 A PR R e I T e L ) A e
SR i 4 iR WP S AR S S NS SR En
NG R ATRAE FBORE 38 I N TR B oA O X A A

jilll

Vs H e 2020-09-16 BT HIH: 2020-11-02

BETH: Wbd RS H (2018CFB648); I ARI L 45 2 %
T 5 4 B H (2662018PY081); #dL44 SRS G: 1 110 H (2018CFB648)
PEF I Ak, WA, SR ORI LR AR 534,

Email: zhwj@webmail.hzau.edu.cn

MIBEIER: F8A, WL, B, RS EER SR,

Email: nzhy@mail.hzau.edu.cn

http://www.tcsae.org

T340 R S A 75 A S SR O, AT 1] 2 3 5 7 R A 75
WA e BEAE TRL AR PR B AW O, A SO L
FIF7 BT ik 35x10° kg/ht'", 25 BURE 1] fg ik 31 ol i i
/N, AE IR G RO & A B AR U AT RE AR S HY 17%10° kg
DL BN A B R JRE AT 5200 77 o S 7 A A K
8B 2R o N AR S M B AL 07 9 A 451 2% 5 i e A
MR R, RCRAR, HE DU 2 A sk =Bk, B3
Sy IR A, 18E B S ORLEE AN A, I IR] AR AT N 7 R
ENEIS

BEE TFENE AR SRR E, WA H
IR B Al B b AR . ARk, [ PR A e
Rett. BN/ H s A, TRk = 1R Re AL EL A
R A & 2y AN WoE 5 8 4 LA IR

PLESML B A A Pl . EHAIRATT, ez
LR F AR 7 i BRI 5 R 0, AR SRR T —
Tolt T2 T WL AR AL P BB A5 AT ML 7K R T R o e A 2 M 7
s EAMME FIHLES 2% ST VR KK A AN R HEA T
Ry ERFRPO T I T BB A R I 1K
FOREGERENL; Tu SR AL A8 05 10 T 1 4038 HE R )
BARURNT; Chen 252U FH ML BS54 A €0 KK I o it
APRGIs Li Z5PUEH TAVARNLRSE RS, SR —Fh 2 4E
RS AR ) I () A5 e TR A I O R R o B 255 A
TEPRL P S AG I 5 T, TCBRAS I 2 B TR SR LA
WE o DU B P ARDR AR I o] A (5 A 047 A AT
TG XA 453 ) U 2% R R ATL O DX 45 1 20 1 A
AR P 2 BT, AP b 8 T — R T R



62 My TFESHR (http://www.tcsae.org)

2021 4

&5 Bty R AR IEARGE & O R R B, Rk
FEo AT, R R REmLom R s e I, (EXE LA B E 2 B
S HIE R .

DN SE I AL I 453 R 72 2 1 3R, A SR
DR E ST EUREEOR G5 S LB AL SE, TR 1 kL ER A 3h
URE 25 B I EE T Ry BEALIR I BB AE 28 1 3 R0 R 4
I RN RERURL R, 70 ) ST T IR KL ARk
(K-Nearest Neighbour, KNN) FI4% 7] J o £ R ) 2 AL
( Radial Basis Function Support Vector Machine ,
RBFSVM) (B IR AR, FFxt 3 R AT LE
BRI AR, & AR Dy SR R BIL 075 D0 B 453 7 2
H B U 3R — TR B T IR AR 34

1 TR REL B IRARE

AR SCBEUE IR BEALITE X B 453 72 2 3R )2 L A A
ikl 1 PR, RESEE MG, B ALY
it 7 ATUAE AT EHAGCR SR LA S L B, 2 2 e R ) 8 7
PORHEIRIL . BUORERLKY CELFRHURE R, fRIPER. B
EELD HIThAERL A SRR BB R AR AL
) CRAET ARSI RIS X R RIRIREA AT 57 70
SERAEA P A et RBCREN (BIEHIEIGIR.
FAPUAIEE Sk AR IOAE A2 R pis 2= B R E X
SR 14 50 B AR A S DR R A 1) LA

LEE 2 EEM 3HUEE 4090 SRAL 6. EBRL 70HM 8.3¢
Z9RANGREHES  10.IMEEIR  1LAHNUAIESk 12,0540

1.Chute  2.Connector  3.Sampling box  4.Protective cover 5.Cylinder
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Fig.1 Schematic diagram of screen breakage online automatic
identification system
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Fig.2 Operation state diagram of online automatic identification
device for screen breakage of hammer mill
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Fig.6 Hardware connection diagram of control system
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Table 1 Statistical results of sample image feature parameters

i gL
RE Screen
Screen aperture
status  size

/mm

Average minimum
circumscribed rectangle area
2
S,/mm’

RAE wME CPHE BRKE mOME A
Maximum Minimum Average Maximum Minimum Average
1w 1.0 1.888 0.698 1.213 4.065 0.685  2.018
Normal 5 o 2.689 1.612  2.169 7.609 3434 5570
[ g 1.0 2.659 1.157  2.013 5.388 1.806  3.587
Broken 3¢ 3.863 2282 2933 15451 6.216  9.660

Average equivalent diameter
D,/mm

%2 D,HS,50HMWEEMWRAEXES T
Table 2 Spearman correlation analysis between D,, and S, and
whether the screen is broken

1.0 mm 2.0 mm
TiH = =
lems ~ AHRARH BT TR B
Correlation Sionificance Correlation Sienificance
coefficient R g coefficient R e
D, 0.825 *k 0.825 ok
S 0.751 ** 0.818 ok

T SRR (P<0.0D) .
Note: **mean extremely significant (P<0.01).
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Table 3  Evaluation threshold of screen breakage of crusher

i X FLAE H{E 2% Threshold parameters
Screen
aperture D,/mm S,/mm? D,/mm Sp/mm?
size/mm
1.0 1.625 2.825 1.512 3.145
2.0 2.613 7.798 2.486 6.935

¥ D NIEHE TR NIZREEFTE BRI D, AR N DI SRR Bl BB
P34 D, W PBME, S, A IE W 5 P I 2R BT A BRI S, Rt 0 )l 25
A BURIITY S, BISFIIHE, Dy NIEH 37 I R B A BRI R D,y
AR IR T A BUR BN D, -FIME, S, RIEF TR G
PRI ECK S, AR TR I RGBT R s S, BT 38ME, Rl
Note: D, is the average D,, of all images in the normal screen training sets and
the average D,, of all images in the damaged screen training sets, S, is the
value of average S, of all images in the normal screen training sets and the
average S, of all images in the damaged screen training sets, Dj, is the average of
the maximum D,, of all images in the normal screen training sets and the minimum
D,, of all images in the damaged screen training sets, and S}, is the average of the
maximum S, of all images in the normal screen training sets and the minimum S,
of all images in the damaged screen training sets, the same below.
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Table 4 Screen breakage identification results based on threshold

method
- =
H 58 RAE Scf?e;mieﬁfure Recogj;litjilirL:E aﬁcﬁ;iacy/%

Judgment threshold size/mm ite TR
Training sets Test sets

D, 1.0 88 92

2.0 91 85

s, 1.0 80 86

2.0 87 85

D.&S, 1.0 97 94

2.0 97 90

D, 1.0 72 92

2.0 88 92

s, 1.0 85 92

2.0 93 91

D&, 1.0 92 98

2.0 100 93
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MR R B EF RN 96%, R4S 417 P ket
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BE AR, KNN 3 AR 52 )1 ZRAE AR SE 1 R E
ZRIATHIREE, AT LARE E Ho AR R A B AT 202K,
AT U 310 55 R A2 75 45

Fz 5 HTF KNN AZERFRAEIRIR A4 R

Table 5 Identification results of screen breakage based on
K-Nearest Neighbour(KNN) method
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Table 6 Identification results of screen breakage based on Radial
Basis Function Support Vector Machine method

LS HOT WA ET =R
AN S s sz =dye
$IIU1)\ 4?& S ﬁmW?L1:; Optimal Recognition accuracy/%
pu creen aperture parameter pair 4t iR AE
parameters size/mm . o UESS 0
v 8 Training sets  Test sets
b 1.0 2%, 27 90 88
2.0 2%, 2 92 85
s 1.0 2, 29 86 87
! 2.0 2%, 2h 92 86
DS 1.0 2%, 27 96 89
o 2.0 2, 29 97 91

BOBA IR g U ERE
ZH Screen Optimal k Recognition accuracy%
Input  aperture size values 1o . o

parameters /mm YIZREE Training sets MR Test sets

b 1.0 5 94 89
2.0 3 88 95
1.0 9 91 88

S
2.0 7 93 89
D.&S 1.0 3 96 94
mm 20 3 9% 9%

E: kN SEERARILNCA AR,
Note: k is the number of existing samples nearest to the given sample.
5.2.3 R RBFSVM 77 i% 64 i P A AR 4R A AR A
S FEHEAML (Support Vector Machine, SVM) J&—

H: CRHET R, g BEMERET gamma Z4(.
Note: C is the penalty coefficient, g is the gamma parameter of the radial basis
function.
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DA b o 35 BRE V5 10 0 DX e B R A A R S FL AR 1.0
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93%, MFREFIIFERT 0.01's, {HEH TR F2 oh Bk
I AR AL — e B, i I ZR B RN 4R
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XFFLAR 1.0 2.0 mm P P (430 A A AR 1R 31 T e 2
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Y s R B TR AR TR s F LA 1.0 T 2.0 mm ()7 9 (4 R
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Design and experiments of online automatic identification device for
screen breakage of hammer mill

Zhang Weijian, Niu Zhiyou™, Liu Jing, Liu Meiying, Tang Zhen

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in
Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Identification of screen breakage in a hammer millis relying mainly on the manual feed sampling currently in the
Chinese feed industry. There are four disadvantages in the manual selection for the feed via artificial senses: a)Human errors
and failings easily occurred in the mechanical detection of an online system; b)Low efficiency is difficult to meet the
requirements of automatic production in modern agriculture; c)High misdetection rate can result in the unqualified granularity
of product; d)The procedure is costly, time-consuming and labor-intensive, sometimes involving hazardous chemicals. In this
study, an online automatic identification system mounted on a novel sampling mechanism was established for the rapid and
accurate detection of screen breakage in a hammer mill using imaging technology and machine vision. Three key parts were
designed in the device, including sampling mechanism, screening mechanism, and image acquisition mechanism. Specifically,
the sampling mechanism mainly consisted of a chute feeder and automatic sampling components. The screening mechanism
was composed of a vibrating feeding device, screen components, and feeder base. The platform of image acquisition included
camera abscura, cloud platforms, and complex optical assembly, such as camera, lens, as well as an annular LED light source.
The sampling mechanism was selected to automatically select feed samples in real time. The screening mechanism was applied
to screen and separate the obtained samples, thereby transfer the samples to the next mechanism. The platform of image
acquisition was then applied to collect the image of particles in the samples. A Siemens S7-200 PLC programmable controller
was applied to realize automatic control in the whole system, including sampling, sample screening, vibrating, and image
collecting. Python language was used for the image processing and programming, graying, denoising, and binarization that
contained in image preprocessing, where the contour of large particles and the minimum circumscribed rectangle were
determined during the program. The equivalent diameter of the projected circle and the minimum area of circumscribed
rectangular for the screened large particles were taken as the characteristic parameters and the threshold, K-nearest neighbor
and radial basis function support vector machine were utilized to establish the identification model of screen breakage. The
accuracy rates of the threshold model were 98% and 93% for the diameters of 1.0 and 2.0 mm in the screen identification. The
recognition model established by the threshold was not stable to deal with the experimental data, due to the different
distribution of dataset. The accuracy rates of the KNN(K-Nearest Neighbor, KNN) model were 94% and 96% for the diameters
of 1.0 and 2.0 mm in the screen identification, when k was 3, and the input parameters of the nearest neighbor KNN model
were set as the average diameter of the projected circle and the average minimum of the circumscribed rectangular area. When
the input parameters of the radial basis kernel function support vector machine (RBFSVM) model were set as the average
diameter of the projected circle and the average minimum of the circumscribed rectangular area, and the optimal penalty
coefficient and gamma parameters (C, g) were (27, 27) and (2, 27, respectively, the recognition accuracies of RBFSVM
model were 89% and 91% for the diameters of 1.0 and 2.0 mm in the screen identification. As such, the KNN recognition
model was determined as the recognition of the system, in case there was no significant difference between the running speed
of KNN and RBFSVM models. The newly developed device can provide promising technical support to the online automatic
identification of screen breakage in a hammer mill.

Keywords: machine vision; identification; crushers; screen; breakage; auto-sampling
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