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Abstract: A froth-flow feature detection method based on an improved ORB in the NSST domain was de-
veloped and applied to flotation dosing state recognition to solve the problems of continuous movement,
light effects, and noise interference of flotation surface images, which lead to difficulties in flow feature de-
tection. First, two adjacent froth images were decomposed through NSST. Multiscale high-frequency sub-
bands were denoised using a scale correlation coefficient and then divided into multiple inner and outer lay-
ers. The points of interest were subsequently extracted through modulus maxima detection in each inner

layer, and the feature points were extracted through non-maximum suppression between the upper and low-
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er layers. Second, a multiscale BRIEF descriptor was adopted to describe these feature points, the search
matching area was dynamically adjusted according to the movement trend of the bubbles. The froth-flow
features were then calculated based on the matching results. Finally, a line-and-column autoencoder ex-
treme learning machine was constructed to fuse the foam shape, size distribution, and flow features, and
the dosing state was recognized by the adaptive random forest method. The experimental results showed
that the improved ORB was slightly affected by noise and illumination. The flow feature detection efficien-
cy and the detection accuracy were significantly better than those of existing methods. The proposed meth-
od could characterize the flow characteristics of the froth surface accurately in different dosing states. The
average accuracy of dosing state recognition reached 97. 85% , which was significantly higher than those of
existing methods. This study lays a foundation for future research on dosing quantity optimization control.

Key words: flotation froth image; flow feature extraction; Oriented Fast and Rotated Brief(ORB) ; non-

subsampled shearlet transform; line and column autoencoder extreme learning machine;

adaptive random forest
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Fig. 2 Flotation dosing state recognition model
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25 WikiS v,/ (pixelss™") v,/ (pixels ") v/ (pixeles ') 6/(°) E,/% E,/ % A ] /s
SCHRL6] 19. 000 O 20.000 0 27.583 2 46.4679 1.4632 3.2620 0.1638
Jhs SCERLT] 19.989 0 19.649 4 28.536 9 44.7530 0.2527 0.2470 2.314 3
Flg Sk 8] 20.194 2 20.043 3 28.458 3 44,7785 0.6153 0.4922  0.2596
AT 19.993 6 20.009 7 28.2877 45.0204 0.0120 0.0453  0.407 2
SCHKL6] 19. 000 O 20. 000 0 27.586 2 46.4679 1.4632 3.2620 0.1719
MER SCHRI7] 19.856 8 19.5615 28.609 8 45.1948 1.1510 0.4329 2.3842
KR k(8] 17.852 3 17.138 4 33.482 5 42.3575 5.1983 2.6425 0.3058
AT 20.021 2 20.028 2 28.324 3 45.0021 0.1414 0.0047 0.4422
. CHik[ 6] 19. 000 0 19.000 O 26.870 1 45.0000 5.0007 0.0000 0.1633
ZZ, SCHRL7] 18.651 3 19.7410 29.4101 44,3942 3.9813 1.3464 2.1341
" SCHRI8] 18.806 2 21.434 3 30. 134 4 43.3949 1.8501 1.6051 0.2812
NSRS 19.958 1 20.076 7 28.318 3 45.1648 0.1206 0.3662 0.3802
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N UL (e DA E N o (T o R IR S é Y= o SRR (E
18 FRCRAR 6 IR R T R RS E S 7 5 SR
[ 8-9 177 ¥k W45 3% BRI % i 1R 40 S5O0 Bz, A i
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Fig.5 Noise and light resistance affect performance
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Fig. 6 Extraction results of flow characteristics under different dosing states
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Tab.3 Identification results of dosing status
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Tab.4 Testresults of noise and light change

T HT RS O 25/ % 5 10 20 25 30 40

4% 1E R % 0.7 0.8 0.9 1.1 1.2 1.3 1.5

SRR % 97.81 97.75 96. 25 94. 86 90.03 83.02 71.14

SEERRIE % 88.63 93.56 97.06 97.23 96.72 92. 35 85.12

R W UE AR SCO7 5 B 0, SR AR [A] 1)
B X A SCHR Oy 1R BEAT U, e S T
S BIUBIORE B AR o 22 DL OV Y38 17 e (R] S5
SR AN 5 R SCHER [ 1 2R I 43 7K 08 3 81 5 1k 4
B IR K/ 43 A FRAE , 2 37 Hammerstein-Wiene
A 2 P A AL R I AN 24 RS AT T, 58 AR
oL LR BE TR B 90 %0 DA L, {H 2 48 A R AIE R
—, HAFIDRS BE 52 43 RIOKS BE 52 ) K, OIS BE A

frifE— b m  Ae o M 25 5 SR [ 2 R DB IR AL
KNG A7 2K FRAE L R RRAE | 38 2o 5 /)y — 3¢ S 1)
AL I AN 245 RS AT O, i — 2D s TR
TR BE b o 22 WA /DN s SCHR L3 1R T 10 1] 7 41 14
A O TR R /N BB 43 A1 R AE , 2R HTE RO AL R
/NGY AT R RAE W IR FRAE , 82 37 XGBoost JE L AR
UL INORY ) | EZTR /N R 1| I = O S s R TR I
BE R MR A, H 2 58 SR OR AR SOk (4]0 2
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CNN [ 46 1 Ot 08 B AR AE , il g Il 2R 9 SVM
PEAT TR BN 25 ARSI R RR U 25 h F
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UG B A 5 AR 3CT7 15 1 3 3l R A R IBORS 2
L, M AT A A A A BR o T AL X TR 2 DR
PO A AR A0 SRR AR R AT B, AR R G Al

JOF I BT AR AR 24 bR 25 U, B R T e SR A A
AR KR FUVRRAE 38 B 22 57 A 0, iz Atk Re 4y, 7
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Table 5 Recognition effect of different methods

J7 R AE 42 BT V5 PNk M2/ % FREZE/ % NEVE
k1] WL R R 43 A1 RS AE Hammerstein— Wiener 92.75 3. 36 1.054 6
Sk 2] T HRIE R IMAL TN 53 A0 R AE /N T3 IR AL 94.75 1.59 1.9870
k3] IR RN B G3 Ai R AE XGBoost 97.89 1.13 3.454 6
ik [4] CNN HFAE SVM 87.93 2.52 1.8651

o MRS ROU A R 53 46 R AE 1150 B gt i B 2% 27 HL
ATk N 97.85 1.01 2.396 2

UK T B R AR [ 3 17 Bl AL AR AR
5 & @ 2 B A BR 27 > I I TROB 2 O RSE 43 A R AiE

ASCHEH T —F 3T NSST d 2k i ORB &
T2 00 36 VR U Bl R AR 4 RS 24 R AR O vk
Xof 45 R A 5 1] -l SR FHRUBE AH OGP 2 BR R S R
B AR T RIE B TERE . TE 2 R BAS
B O 1) S AR (G I R I A R A9 ) A 7 2% X
B BURRAE 55, R H 2 KRB BRIEF i 38  X) 4¢
TERCR R i e T RRAE SR AR SR B R AN R AR
PE R AE 0 1 348 5 A e 5% AN A8 1 o ORB
BRI T MR R R R B R A Pk R R . A AT A
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