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Pellets particle size detection method based on image enhancement

ZHANG Xuefeng', ZHU Zhongyang", HUANG Yonghe", YU Zhengwei’, LONG Hongming”
( Anhui University of Technology a. School of Computer Science and Technology ;
b. School of Metallurgical Engineering, Ma’ anshan 243032, Anhui, China)

Abstract: In order to solve the problem that pellets particle size information cannot be obtained accurately and
instantaneously in the production process of pellets, a particle size detection method for pellets based on image
enhancement is proposed after the study of the existing detection methods for particle size of each pellet. In this method , the
real-time pellets image is obtained by using an industrial camera,in view of the characteristics of low brightness and high
noise of the acquired images, the improved Multi-scale Retinal Enhancement Algorithm with Color Recovery ( MSRCR)
combined with Log transform is used for image enhancement;and then,through guided filtering, the noise is removed while
retaining the information at the edge of pellets;finally,the Hough transform of introduced threshold segmentation is used to
quickly detect the number of pellets in the image,and then calculate and count the particle size of each pellet. The results
show that the accuracy of the method for the detection of the number of each pellet is 92.03% , and the accuracy of the
detection of the number of each qualified pellet is 91. 25% , which can meet the requirements of pellets production. The
results have a positive effect on reducing the labor intensity of workers,and improving the production efficiency of pellets
and the pass rate.
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Fig. 1 Schematic diagram of the device structure for

ball particle size detection system

1.2 #wameE

R 28 e 552 /8 B4 2R e AR I 25 i Bk ]
BIME, SRR ORI AT A B SEXS
BR AT BEAG a s, BRIV, SR (851
SPUB P B MR AT, O A R A U Bk AT
G BRI RE (G B o RG] ) BRIATRLBE
FRAYATE A, SO R A B A E A, TR
RLEE AR B 75 78 1 P SRR A BB . R 58
A TAR AR AN A 2 P

it G RIER A

| 1122 1 5% S |

| BR[O RIARMZ LR i |

SRR
B2 REIIERE
Fig.2 System workflow
AR 2 Fis, HaifFia, SCmh g s
Z R RTAR O R, I i 1 B Ak PR RS
KR BEAT RN, ZRHCE R R AT A SF 2R A



2024 4E465 3 0]

SRR, GF . TR A BR DR BEAS I 5 vk 83

BRIATAS B, GETT A [RDRLRE X TR] A A 3R AT DN,
Bl <8 mm By/NER, [8,20] mm By &R ERKLL K
>20 mmfPRERSS H BTGB HEE, DLk IR B
AT ARE R, R X S8R s AR T B A
TRAF ASIHE P2 o 38 o Sk o 37 o 5, 4 B B 3
GG L — I 2 14 Bk P A S O, TR 52
R — I [A] BE A A 22 PR 00, T (83 T4
NGRS, Wb EMAK B, Bl TAE A B AT LA
AR A2 JSC 1T 0 DR SR P o

2 BERAEFESERSH

AR SCHERT IR HEAT RG0SR AT,
SRIG RO S| U P e A, B A R
R R P R B A
2.1 EfgEE

UL PR 3R v T T A de . R
b A, I ANIE G AL PR R AR A BR AT BIR . A%
SO FHZE 45 Log S4B MSRCR 4542, XF BRI
PG T3
2.1.1 MSRCR E:%

MSRCR & 2 Retinex BlE & p: gy —Fh "
Retinex H{E 20 N B JE VIR AN 206 BB AE Y 1
SR, EME A — ST Retinex BB TER
15 B3 25 0GR B2 P10 9 304 3 7 T A 36 R 0 Ay sk
R HEEReE R AR R (1) .

S(x,y) =R(x,y)L(x,y) (1)
A S(a,y) R IR ECE S5 Sk AR B3 1y BR
R(x,y) AYIMRB RS s L(x,y) AR
Retinex HiE 9 U AH R 5d 53 50 (1), B A0 L
EBr, I R R, DL IR B EME H o
R

XFE (1) P [R]85, R REAS 2 BR AT 43
B, BRI R AR TS, &R
#£(2),

log[ S(x,y) | =log[ L(x,y) | +log[ R(x,y) ]

(2)
a(2)7%
log[ R(x,y) ] =log[ S(x,y) ] —log[ L(x,y) ]
(3)

s (3) nlg, fEESR S R OL R,

R R, R AT s B oy LRI,
W IR, REREARAFHIN S Rkt L, BB

L(x,y) = S(x,y) * G(x,y) (4)
() o NERBRE: 6(x,y) HETER
g, Rk WA(S) .

G(x.y) =ke( ") (5)
L: o BEIRBRIESE, o (/NS 6
REFER, M WKERCRE, RZWBHERE
FREE/N, AR RHOR 225 k AH— L ¥, fi
[16G(x,y)dady =1, Xf T RGB # (4 B R A He— 4>
WA, AR RRA:

log[ R, (x,y) ] =log[S.(x,y) ] —log[ S, (w,y) =
G(x,y) ] (6)
A ¢ RGB =AMl i iy A — il

TR log [ R (x,y) TG, R H K H I8 e 46
FNH, I TRALEIE, B R(x,y) (HAYTEE
PR 0 2] 255, FREA AR AR, RIAT45-2)
B ER R(x,y) o 3% Retinex RIQH IR,
IR AT B8R B Retinex ( Single Scale Retinex, SSR)
(X7

HA M EZ W E 1 2 R JE Retinex ( Multi-Scale
Retinex with Color Restoration, MSRCR) 2. 3:4E SSR
BIL RS LRSI . X S(x,y) 5 —A-iE
FROHEAT 3 U g e, HL A U ST s i RO A
[, FIACKFr, BIRT15 %3] 2 RE Retinex ( Multi-
Scale Retinex, MSR)Z& ¥, #£ MSR B g A {4
FAKE AT, BIAr#533] MSRCR 5k, BEGEIH Y &
5 v — 2 Jy 9 DX S PR XS b 1 i 5 | RS ) 7 R L
7T

MSR Bk r iR A A(T) .

loglR(x,9)] = 3 "w,1log[ S(x,7)] -
logl S(x.y) # G (x.7) ]| (7)
A KRGS E B NG w0, IATFRE
AE . FIAGRIKEH 73] MSRCR 545, A
AR

RMSRCRi(x’y) = Ci(x’y)RMSR,»<x’y) (8)
I'(x,y)
C(xy) = 11 (x0)] =f[M

(9)



84 Pe 4 B F49H HBIM
S (x,y)] =Bloglal',(x,y)] = 2.1.3 #4 Log & # a9t MSRCR A%
mmgmwxﬁ]-mﬂzN>uxw” (10) FESRA(3) PR 7 8 R (e, y) i, SEX0
BN ER S(w,y) JEAT Log 284, & MR TE K JE

K (8) ~ (10) e C; ME i Al iE ORI K
Ty L (x,y) R AEE W ER £ AEas
] AR SH R B NI R WA o R R ARLR
PESREE, RG-S

MSR 5535 LA Jz MSRCR 55 325 %o [] — gk 35k 4T [&]
F Y R SE RO AN 3 B o

B3\, AHECT MSR #4k, MSRCR Hik
IR B AT, AR B BRI S T SR bR
o {H MSRCR SEYEAAFAE—SERIG, i AN e K3
HZEFBERMLEXE S Bt E, KKE
{E XSG SR BORAN A BT A, RER T Bk H
PLIGH GG A JE S5 o 3X 2 a] (5% B 7E Bk AT 1%
FoMERASSER B OK, g fE B, RE, K
A — R4 Log A2tk MSRCR 53, LA
B E  R HIG, A BG I 58 5 i 35k HDRLFE
RGN AT VEE
2.1.2 Log T #

Log 784 J5 i UG, TEARIK B A8 XU X6 L 2
SAFEIRTE, B Log 72 8 AR % 14 5t K15 A A1 K
DX IRAHY

Log 7545 iy S B @ o X B0 5, 45 B =
IRBEMH I B IR R, B BEUGAR I BE {8 X3 iy 14
R, XFEEREE R B R K B X A B £
0y, IRF R R BEE X H 1. Log 42
gk A (1) .

s=clog(a+r) a>0,r=0 (11)
K s HEMRTE Log A2 5 1R MR R SE; ¢
HNHEEG a IR RIGY RIERISEG r R
2 Log AR UG A BB R ASUE

(2)

3

”.0.
1;'

R
Q}.‘\.«w 3

u‘-:-"-ﬁ

AL R M X3k, SERAS LT i, (R
I TR0 AN DX ) 3 s s R . B Rk X
W= (12)

Sy (2,y) =clogla+S(x,y) ] (12)

AT Log A8 8 J5, MEAT 0 — 1k Ab B, ¥
Sy (o, ) E L E LY 0 ~ 255, 1R 3H—fb5
MIEL S o (2, 7) , PRS00 R(x,y), WK
(7)) IiAE R (13) .

log[ R(x,y)] = ¥ "w, {log S, (x.0)] -
log[ S, (x,7) * G, (x,y) ] (13)

$i%%5ﬁm@%ﬁﬁ%%,ﬁﬁ*%%
A1 EZ A b PR XS LU & 4 R .

& 4 X AT, B [ 38 A A R A AR

CEIEMR ISR AE T, R AR AR BE DX a1 i
BORAI W, sRPBREGEREARE, 515 M
FLREEANES, ASUn MSRCR s FlAR SC s

MoK A TR %, 4
BRI MR S R RAR, R AR A A A i, Bk 5
TR ar FIMERE K, WOk o K UG BB E AL FRASUR —
e, Kigw 2 EkE 55500 E. NE ARG
PEE TS S KA, FRARERIA K BEAE, R BBk
HI1ER , (05 E 5 B X454k LA K A = 2% 4 2 R
FETEARL A IR, 78 UG b AR K B X IR, Bk 1A
55RO A

MAH#E T MSRCR 583k, A SO A I Bk 1A &
G s e RRE DX 3/ T Bk A i G ) B e e
i R ek A4 3 5 B L B, [ B AR
ROR BE X B 5 17 BRI 598 Se XS LR A R T

-."-‘

(a) JFKE; (b) MSR; (c) MSRCR
3 MSR 5 MSRCR #3833
Fig.3 Enhancement effect of MSR and MSRCR



2024 4£55 3

SRR, GF . TR A BR DR BEAS I 5 vk 85

4 FEEELEHE
Fig. 4 Effects of different algorithms

J5 BT X IR ATRLEE A
2.2 5|RIEH

G U AT 25 F R A B e o 51 UE DL
FEFJR AR R PR TR, g IR TR B — I 2 R A
FHEBAE—D ZHEd LN, 515 ek RO g A
R R, HEE e kT .

g, =al +b,,Vicw, (14)

q;=p; —1n; (15)
KX(14) . (15)H: ¢ Ml EAE; A5 3B
pAEIAEMR: o NIRERE T kO E TR G
M n MR AT —NE T REE N o, WK
M, BRREREAE 51 T ER T R BE AR ER SRRl
WA (a,,0,) RN BBz B E], CHHA
BT DL p s B85 J0 H 0 e s AR A 21, B
LA RZERp =g +n,

SIS RG] LU ol g B, dmT DO s A
g, S5l ER &M ARG, 5198k AA
BLAF AR R AR L X R A SO e e T
HER A G AT 5 1 ki, RORAE S IR o

S alE, 51U LR s
IR S=e RN O Gl D B2 A i BUEZ SN E Y- PSR Xy
TARGF IR .

2.3 SIANBESEMNEXETH

X HRER X8 35K AT 1] R R P AR SCARE T R A 7 R

KRN 5 SRR T, R FHEE R AR 4 ) BG4 T 1R

(a) SIFUEPHT; (b) F1UBIS
S 5SEKE™ER
Fig. 5 Effect of guided filtering

Rl o XTI PR RN, SR AR R
BFRY BE £, AT RLAR B 0 7E BR AT R RE AG
i

BRI AR 4w A I S A W R A b,
id Canny HHZR A5 IEBBE L, #E o fr
B AR N, TR 2R R Y R oA
BRREHGHER, 52 B LiRDR,
RIVRT A5 3 P 7 v i A 2 1630 0 A 1 e 0 L ) 2
feo FEITA KIAYIREE /R, (E153] 17
J R BRIAT B R SR LR o

(ER IR A% 8t vl BE 24 38 0 1 S A Oy [
TP, 323 5 0 Bk RS 300 A9 T fG 2 o A Tl DR A
AR BORTHENE , AERE R A b 51 A BI{E 5
A SR BRI AT SR KA, B — I

A R PR b K BE R T B, UG
Wz iR Ry R 1AL, PSR G G R,
IR PEAEL R T BUAEL, U8 B 32 S 1 ) A 2 5 S ) —



86 %

Bk

B4 H3M

S N
nznorg +1’rn =f<x’y) k<t
{ (16)

n=n,, k=t

K n S HTR I A BRI EG n,, o E—IR
S 0 258 [ 9 R B 0 BRI S B - S BRI R AR
SCo,y) PR R kSRR AR b B Y
JRIEAE 5 ¢ Ry o3 HIBR AT F0E 5L R BEAE I .

XF g | ORI S 1 AR BEAT 5 | SR 53 F H &
RIS, IR B R b, R ) 21 i) 3k
R, SCRINE 6 Frn.

(2)

(a) JGHIMEIYHE]; (b) A BIETH
B6 ERETHMEMIR

Fig. 6 Detection effect of Hough transform

Hil&E 6 A, X 51 S 98 Pn B ER AT B R AT
R A, I 1) 1) SR AR H0RE 3 0 9 S R
BT A A, 5 LA BE 0 5 1 SR AL R fiE
% MR IR/ X0 8 5 B TRAG N, 4 o sk A A )
.

X A A 25 SR AL BE A [R] — BRI 7, 2R AT
FIABIE B B R AL, IR A I 21 ) BR 14T 75
AbHE R R, SR INE T Bs .

Hi18 7 W R0, MSRCR 4b B 694G 0 A7 1R R A
B, MR RS PRI R R YR, BBk
NGAFAE R, EOG TN 2 (Y Bk VR RE (i K, 5%
WAL M Aff BE o AS SCOEIE AL RS Y b, 2R AT
S SRR LB B4R g, o O 1R SR

KPR, R AREGE TSR, RN 2
R IR AT 56 G 1) S B 48 B 0T o AR ST VR AL B HL 5
FUEPE, BB RSO S A sod
G TR AU D B WA, TR £ BT BR AT Y
HGAT R, FE— ARSI 2] F) R AT 58 B 0 a0 L5
FER, B e BRI RE G YRR L

(AN R 5 vk A BER AT 18 5, b 7 &1 3
Ak, fnchAE, MSRCR DL A SCHIEBIM A T
G, FIABE D FI R R A e, B A
HAYER AR AN 1 P o

JE— XK R, AL TR BRI
ERVEATRLEE 38, FFGEiH A [RDRLE S Fl A 2K A
ARG FEIALT [8, 20] mm JuE N A BRI
o ingk 2 fios,

HiZe 1 ORISR 2 I, B K¥fEfe, (o
He L K/ NS R BR AT I e BEAT MY sk I, BRIATHY
R ACR I AN BRAR . SBCtE 23 7K 0 X K JBE (R H. 73
AT B ER A o0 BIRCR — B, KA R A

®1 FAEEETHIRKAHE

Table 1 Number of pellets under different algorithms

B R WS BGE b ASC TG
5% ML B Sk A sk M
1 107 124 146 178 362 368 401
2 42 45 195 96 325 335 360
3 82 139 203 194 372 391 418
4 101 152 186 176 376 397 425
5 91 98 217 164 405 428 471
6 70 128 171 159 330 385 418
7 89 65 163 138 397 459 515
8 112 161 184 212 383 412 456
9 69 179 167 166 392 419 450

10 93 99 229 192 296 297 314

7 AETRLEHEUKRE
Fig.7 Detection effects processed by different steps
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