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Abstract: Light inspection machine is a detecting instrument for visible impurities in liquid by machine
vision technology. In order to establish a calibration curve between the particle sizes of impurities in
the liquid and their image sizes in the intelligent inspection machine, a calibration method of particle
sizes was proposed based on orthogonal binocular vision. First, the correspondence relationship of the
impurities in the orthographic camera images was created based on the image spatial location matching
and 3D spatial coordinates of the impurity particles in images were obtained. Then, according to the
obtained three-dimensional coordinates of the impurity particles in liquid images, one-dimensional
magnification errors of cylindrical liquid were calculated, the geometric correction of impurity particle
images was completed and the defocused error coefficient was also obtained. Furthermore, the precise
values of image sizes of the impurity particles were calculated. Finally, the standard particles with a

diameter of 50 pm in a penicillin bottle were calibrated. Calbiration results show that the dispersion
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coefficients of impurity particle sizes are reduced from 0. 11 to 0. 05. The experiments indicate that

this method can get a particle size calibration curve with a high precision and can help the light inspec-

tion machine to measure the particle sizes of impurities in the liquid accurately.

Key words: intelligent inspection machine; particle size calibration; orthogonal binocular vision; geo-

metric image correction; defocused error

1 7]

Uu\«

I AL #4050 B A X 24 R AT A 0 Y 4 A 3l
IR LA 3 A Q8 BR 5. A Tk A Bl CCD
(charge-coupled device) K4 & H 22 i 15 B W 2
TG s % AR 2R AT A 3, 38 R 2% o X3 M 65 AR
I 2= BORLAR AR A 26 0 B 2% BORE AR 2 75 B . DA
1117 552 B T2 2 0000 HE R 20 3k . 2 BORLAR b a2
LR AR AR SR R A 2 VR DN o R Y R R A B
B FE . MR K2 S E L & M 250 TP Y 2% o
YRR ARG KT 50 pm'™ L PRI 25 31 4% kL
AR E 2 JE L RLAR O 50 pm B Z% 5T 5 HAE
CCD H R KN Z BB K&

S RL L AR B B B B RS G L TR A%
(PDPA)HEAR B AR I 2 (PIV) 4 AR
Hrp PDPA ARt TRBEIC K BE 715 2 . 15
B AR AR (S ) B A &8 7 0 fE, i PTV 4R
DN = S0 FH T e I 37 Hh URLRL AR 118 43 A )
LA 7E e S A5 B9 3 b A () 67 B0 A T ) B
Xof 45 A BE AR A L T HL 2 R R I 0 kL T
BJREAE A G I S AR s b . 253 P BT B A
JE UKL » 2% 8] 0 A7 % BEAR iz Sl B2/ T 2 A
T 30 38 b6, 2B 7 R 8 T o 68 O ) O 12
X HOREAR 73 A AT I 6

BT LA 4 A S AT R LT LU & A
A AR 225 R - AR o 2 2% o R Y
LSRR PEATRLAR AR e IR B B AT H bR
$6 DL R AR TR 25 W0 TB0R B5CR A1 R A 1R 22 L A 8 4 2R
HNHAL

FETUL LM A SCH M T — M T IE S8 3
FIAL0E 1 2% BORLAR AR 2 74 o %05 T LIRS 8
A5 2 25380 B AR TR R S AR DL T Sl R
AR A T 15 2, R A ME Aff 1 2% o GOk A L DT
5 BRE Al RL AR AR E it 2k S FA SO EE X 50
pem B BRAE URE JE AT T A5 5 F RL AR D (R AY B
BOEEREON 0. 11 FEARE] T 0. 05, SEH R, A

SCT7 I AT LAz FRAE KT ARG HIL AP o TR 26E 24 9 b 2% JBORE
AR AT RS B I, S NS 24 WA TR 4

2 B EGE EIRE

2.1 JRNNBEARERFZHES

4 F ST AR AIL I B AR A0 08 R 48 A 41 42k 14 15 i
TR 24 W AT AL | SRR L U Z% JBUROR:
AT RUAE 2 3 i S ok B4 e CCD AP lif&

R B 328 1F S N X e 5 980 v 0L 23 A T
T R | A5 ) 245 0 B 2 TR 1) G I8 B
% Ik CCD 813k 1 5 £ 9 ¥ Th7 B i~ Thd
— M AE2G ORI D . AR CCD 4% 1B R
IS 0 SR 2% AN A ST T A R AR A Il 2
PR AR IR 2
2.2 ZEEHHNHBEERETE

NP 1 R Y AR ROt R — i H A
QR SRASALE X WP T H T AR 2 A8 AR — S TR R
BES L BREORE I AN A A O

we e AT e

Vi Pl P T

A
4 A iH 5 '
\\ a ot Z i
\w r
it i /
\\ g i;/

Bl ROt A
Fig. 1 Path diagram of defocused beam
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Fig. 2 Calibration of abaxial magnification
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Tab.1 Result of calibration

Bok st BOR EERR BIERDR  BIEE R

s /pixel FREL /pixel 48 /pixel  48/pixel
1 20 1.11  0.96 4.9 3.5
2 38 1.11  0.78 4.4 3.3
3 67 1.06 0.51 4.1 3.4
1 92 0.86  0.30 3.9 3.6
5 110 0.67 0.15 3.8 3.7
6 —17  0.67 1.36 1.6 3.2
7 —59  0.52 1.87 5.2 3.3
8 —42  0.69 1.65 1.8 3.2
FHE — — — 1.5 3.4
T 1t 2 — — — 0.48 0.18
FIHR B 0.11 0.05
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Fig. 3 Structure of orthogonal binocular vision
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Fig.4 Stereogram of orthogonal binocular vision
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Fig.5 Bottle for calibration of paraxial magnification

5.2 50 pm fRAEBBIIRE KRR

6 S n 1 2 3 b o RURE CRE I 24 2 s o
UKL 3~4 A~ 14 78 MO T8 P 00 6 0 T B9
KB TR AR HEBURLIE WG %2 O WORL 20 B (XA HE
FR bR HE B 5T . 1 RE N 3R B FLBE B A5 RUBRAR L 4

210 1.1 g/cm?,

(1 2 CCD E &
(a) Image of CCD No. 1

(b) 25 CCD Kl#%
(b) Image of CCD No. 2

6 ISR A AL A 24 R

Fig. 6 Bottle images of orthogonal binocular vision



2608 b=

¥ % TR %21 %

Xof G o s o UKL E 4T R AR AR E L 2 S A AL
HIZ RIS 2 4. {8 Sobel 2714 % 2% B i 47
WAR R PN G A SR I SCHRLG ] e i 1F 28 46 5 vk
X BRAT A% R AT AR 3 2k 58 I ot T4 26 98 BR
PL—4ETiOR R TE R B 1 /B K 2R R
FERE 1] RN 1480 10 f5 9T R L AR 5 Al A B /N S A
T AT R AR T A5 R AR BR LA 10, B
B AR R 22 0 I I R R K BT A5 3 2% 5 0RL ) A
Wk AR . Bdsange 1 R, b i Z M g R
2274 260 pixel, 245 1 %5 CCD X - Ifi [ ) B
BN S IE J7 W) A 4R ) CCD Jy ), Ji a5 78 AT
T2 L .

HY b 3R EE SR AT AR ST VR R AR R A 1 S AR
JEREO 0. 11 FEAKF] 1 0. 05, BB F 4414 3. 4 pixel

S & Lk

(1] whetst. o4 mBirssd (M) dbe . EEZR
£ A . 1996.
YE Y Y. Pharmaceutical Production Validation
Guidelines [ M]. Beijing: China Medical Science
Press, 1996. (in Chinese)

(2] R AR, HE &L F R F. o5 T B T AR
i) PDPA R[], R Sk butk 5 4R, 2012,43(8) . 78-
82.
JIAW D, XUE F, LI C, et al.. Measurement of
charged droplets impacting plant target interface by
using PDPA [J]. Transactionsof the Chinese Soci-
ety for Agricultural Machinery, 2012,43(8): 78-
82. (in Chinese)

(3] #kA.%k A% &, 5. 8 A¥OLE B8R PDPA
TGt AR R T3 )], % Btk A #.2011,25
(2). 83-87.
ZHANG L. ZHANG L H, CAO N, et al.. Spray
fuel particle field measurement by using laser holog-
raphy and PDPA technology [J]. Journal of Ex-
periments in Fluid Mechanics, 2011,25(2) ;83-87.
(in Chinese)

(4] %z, 22,2547, PIV ML EAR K AL
FASFH 5 3 R ,2007,29(3) :101-105.
XU Y M, CHI W, MO L X. PIV measurement
technique and its application [J]. Ship Science and
Technology, 2007,29(3):101-105. (in Chinese)

(5] Rk, M, 38k, . WA PIV /R EOR 511
ARBFFELI]. R ¥k H % ,2012,26(2): 64-67.

YE 50 g JIURL IEHR HRLAR B € (0 BA AR .

6 % i

‘o

B v 2% TORL AR A E R L AR SOAR B 4 A 3)
KT R AL A ARG 00 i B 42 T 3 T IE S8 W H L BE Y
RLARRE T i 3BT T H EDRAR bR TP A TE 1Y B
R ZE A T B AERERENECAITT RNk
X AETE 35 B ) 30Tl L o il — 2 O R AT T A AT
SRR E 35 T HARBeR R a0 il
TN 50 pm RN AR T BORL HE AT 1 45 %€ » H5 R0 A2
0 2 1 S IR RO 0. 11 FRAIRE T 0. 05, 5%
B B AR 3OO ¥k AT AT RS BE S i AR AR b
i £ SRS B 3t 0 S 2 0 Ak R A RLAR (L

RONG Z., CHENG F. LIU H. etal.. Research on
seeding technique of PIV in supersonic flow [J].
Journal of Experiments in Fluid Mechanics,2012,
26(2): 64-67. (in Chinese)

[6] HRif.Z10#,F F2%. BT Zernike 1IE M4

FEMG LM R [T £ F 3 K, 2012.38(6):
729-733.
QIN Y., WANG B X, LUO X Z. Measurement al-
gorithm for sub-pixel line width in images based on
Zernike moment [J]. Optical Technique, 2012, 38
(6):729-733. (in Chinese)

(7] Gid i, gLid ik, vhas o . [ A URE 78 &) 3 e 4% 1A
TR R BT ] 47k 3K 2000,26(9) :52-54.
PIYZ, PIY Q, YEY C. Research on solid parti-
cles rotating at a constant speed in liquid in the set-
tlement process [J]. Water & Wastewater Engi-
neering , 2000,26(9) :52-54. (in Chinese)

[8] ek .sbafy, ZEF. ETXILERERENTLS

R M PR ()], R % #E T, 2011,19
(10) :2485-2493.
FAN Y Y, SHEN X H, SANG Y J. No reference
image sharpncss assessment based on contrast sensi-
tivity [J]. Opt. Precision Eng., 2011, 19(10):
2485-2493. (in Chinese)

[9] KA BT, TR, 3KA3F. KRB = 40058 I 4 b 19 29
RIS [T]. AL B AR 5 4R .2010.31(12)
2748-2752.

ZHANG Y X, WANG S, ZHANG X P. Defocused
blur image restoration in large scale 3D vision meas-
urement [ J]. Chinese Journal of Scientific Instru-

ment. ,» 2010, 31(12):2748-2752. (in Chinese)



%10 H#9 2= 5L SR T IE AW H I B 25 IR 4R R AE R RE 2609
[10] A .Rem, 5%, 5 ETFUAREHE ST tion s 2009,39(4) :869-873. (in Chinese)

(11]

&

i
N

ORI 2 45 [ ). R Ak ALK 4 4R, 2012, 43(7)
206-211.

TANG J Q. ZHAO T S, BIAN H. et al.. Com-
pound fertilizer particle inspection system based on
binocular vision [ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2012, 43
(007):206-211. (in Chinese)
FAEARRZEE,F LT HHE MWK E
BRI J] R FFR. T F
J&52009,39(4): 869-873.

LIZ L, HUANG CJ, WU Z ], et al.. Particle
size measurement based on binocular vision and
particle image gray difference [J]. Jowrnal of Ji-
lin University : Engineering and Technology Edi-

B JI :
FHA983). FLNTIHRA L
BF9E L « B e T3 18 95 0 78
TN R Em B L R A R
. — BF5E . E-mail: wei-1i03@ mails. tsin-

‘L . ghua. edu. cn
an

TR (1947 —) B Ly il AL
B 1A T 00, 1970 45,1982 4 FiF
SN S B B 7 o o o VARG /0 w2 (VA=
BN R Ryl (R A O

mail: wangbx(@ tsinghua. edu. cn

[12]

[13]

X A 3R B L S BRI PR AR R i %
Ry k1], e F « #k,2005,16(8): 993
996.

LIUL S, ZHANG T, LU H Q, et al.. A fast
sub-pixel edge detection method for images[]].
Journal of Optoelectronics & Laser, 2005,16(8) ;
993-996. (in Chinese)

PREGERCHRAEF,F. IR B bR BB NS
BRI I P 5k [T ). 3 S Au 42,2010, 36 (21)
178-180.

LU R, FAN Y, CHEN N N, et al.. Fast algo-
rithm for extracting minimum enclosing rectangle
of target image [J]. Computer Engineering ,
2010, 36(21):178-180. (in Chinese)

BEH(1990—), 5 BIRILHSHT A,
. W= F 50 A= Bl 13 T3 A R R 4 A
a3, F B FEHLAR L AL J5 T B9 05
E-mail: yangcy07@ gmail. com

(FRILERE REWW FEEH)





