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Analysis Method and Experiments of Inline Mixing Water Dispersible
Granules Pesticides Based on 3D Image Reconstruction

DAI Xiang XU Youlin ZHENG Jiagiang MA Lugiang DING Fengjuan GUO Changhao
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The image-based approach used to evaluate inline mixing efficacy for the pesticides mixers has
advantages of not disturbing flow fields and achieving convenient and quick uniformity evaluation. Inline
mixing tests for a jet mixer were carried out by using plastic particles to simulate water dispersible
granules (WDG) pesticides. Distribution of particles flowing in the detectable region of the mixer was
collected with the help of a high-speed camera and a total reflection prism to receive images from both
horizontal and vertical viewing directions. For the acquired images, the particle images were pre-
processed based on the morphological method, and segmented by the iterative thresholding method.
Then, the particle center of gravity coordinates and normalized moment of inertia (/) parameters were
extracted from each image in two viewing directions. The particle matching and 3D reconstruction based
on the multi-viewing images were realized according to the consistency of the corresponding particle
abscissa. The method for calculating the uniformity of the particle spatial distribution was proposed.
Furthermore , according to the reconstructed three-dimensional images, the matching of the particles
between frames was completed, and the calculation method to obtain the particle velocity distribution and
measure the performance of the mixer was proposed. The actual verification results of the four kinds of
plastic particles used to simulate WDG of differing physical properties by the above method showed that
the particles with lower sedimentation velocity ( caused by small particle diameter and density similar to

water) under the condition of horizontal placement of the mixer led to high mixing uniformity.
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Accordingly, they did not tend to have downward velocity vectors, which allowed the actual WDG to have

uniform distribution after dispersing and dissolving, and sufficient mixing efficacy.

Key words: water dispersible granule; inline mixing; image processing; 3D image reconstruction
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Fig. 1 Schematic of inline mixing variable-rate spraying
system for applying WDG
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Tab.1 Simulation particle attributes
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Fig.2 Image acquisition for WDG distribution
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Fig.4 Particle image segmentation and morphological processing of particle image frame 1
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Fig.3 Image pre-processing in vertical and horizontal

I HLAER
(b) FihbH5

viewing directions

Je AT MG B IR I, SR 5 2EAT R ) 5 B AR e, 1k
U I A TR BODE ot Bl 2 ¥ K B8 S TR, AT A5
PR BIAL BEE 2R O T — 2 i AR 0 A 4, A
Kl 3b frs .
2.2 MFEGHNSERESELE

R % A AE 2 ) 07 3k 0 | 3b AT Ak
B AN da TR 3G R B G TR T
PO, HXR T PR ARG E B R X808k i
T ad BUAE 50 #1 kLT B BATIATE R RE 58 42 L BRI
LA LKL TR 8, R B S s P i I iz
FTTIEXT ] 4a R EAT ST P K, 2 Bk — 2P
L1 [T 45 0 5 A B 5B, &l 4b R . SR A
X T AR A A T B B A7 R 0 G 4R B, i % 4R IR A

T H LA
() By BEIGAGIRES



102 & A Hl

W 2020 4

RTIREBE T, @ ¥ K 4b b BRI &
3 x3 P9 ST ER E Ay B, B AT 4R A5 R 19 i
MR AT T — 20k R RAE 9 42 B, 25 1 o
Kl 4c fIrs .
2.3 NFEGRORERNRESEHIR
TSPk F R UC I, G K S E AL A T
] _boRE A DT, LA K B (] 5 9 i Js o ] 5 [
BREYUCIC , 45 &P 328, R A K 2 ot 0 R AE R
4057 AR A T SR F U — Ak % 3 18t i 1( Normalized
moment of inertia ) /f Fp b T 1T A 5 4E
IREE G (2, y) BTG () 7 UK

M, N

B Z fo(x,;v)
DIDWIERD
v (1)
X Y )
Y=
DIDWERS
80 (x,y) [ 3
JE) = XY La=0" 4 (y =) 1fxy)
(2)
WL R S0, T K B PR 2 T 0 (3,5 18 1
YN
I:A/J(':,y) (3)
o m=3Y'3 flx,y) (4)

x=l y=1

KXrf m——EGRH R, ZoR B EER Em

5 Rk F AR R BEE 2 N iRy ik
XFER 1T R AT T SA T AR AR 1 A I kL S0
AR AR B R R T A .

(0,0) >

Y AL E
(0,0)

z = HHAEER
K5 AR T A e B S A b 2
Fig.5 Multi-view particle positioning image and

coordinate system

x2 F1mEGAABPHRFROLIRR IE
Tab.2 Extraction of particle attributes in both viewing

directions for image frame /

o KPR A FEEHMNA
AR 1 AR 1
1 (13,56) 0.4410 (15,78) 0.4292
2 (52,142) 0.4162 (54,72) 0. 449 8
3 (73,38) 0.443 1 (73,27) 0.4015
4 (86,143) 0.436 9 (88,65) 0. 489 9
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7 (104,96) 0.422 1 (101,117) 0.5774
8 (105,65) 0.456 4 (103,96) 0.4419
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Fig.6 Particle 3D image reconstruction algorithm flow

chart and image of initial reconstructions for frame 1
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Tab.3 Three-dimensional coordinate reconstruction

of two consecutive frames
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Fig.7 Final particle 3D image reconstruction based on

consecutive two images
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Tab.4 Particle space-shifting parameters between frame 1 and frame 2

e iz HE/ HYHk H5X 5 ZHhk o i HE/ HYEdk H5X#h 5 Z8hk
BE (1%§-s’1) ff1/rad e/ rad ff1/rad 1BE (1%?'571) £/ rad e 1/ rad ff1/rad
1 10. 05 251.25 1.37 2.68 1.98 11 5.74 143. 61 1.93 2.63 1.93
2 7.83 195. 66 1.70 2.85 1.31 12 7.00 175. 00 2.01 2. 60 1.28
3 8.02 200. 39 1.32 2.78 1.82 13 5.83 145.77 1.57 2. 60 1.03
4 7.28 182. 00 1.57 2.86 1.29 14 8.94 223. 60 1.57 2.68 2.03
5 4.24 106. 07 1.33 2.80 1.33 15 7.89 197.25 1. 04 2.54 1. 83
6 6.87 171. 85 1.42 2.81 1.87 16 9. 66 241. 41 2.24 2.46 1. 67
7 6.71 167.71 1.57 2.68 2.03 17 5.02 125. 62 2.21 2.34 1.98
8 7.83 195. 66 1.83 2.85 1.70 18 11.18 279.51 1.75 2.96 1.57
9 11. 67 291. 82 1.57 2.97 1.74 19 3.32 82.92 0. 44 1.88 1.26
10 8.50 212.50 1.57 3.14 1.57 20 14. 04 350. 89 1. 64 3.07 1.57
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Fig.8 Comparisons of speed measurement results based on

cross-correlation and particle continuous-frame matching
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