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Abstract: A suitable pH value of the slurry is the key for efficient froth flotation. In the industrial process, it is difficult
to measure the pH value online, which causes the control delay. To solve this problem, pH-associated sensitive image
features of the froth are obtained, and a soft sensor model-multi-model least squares support vector machine(LSSVM) based
on affinity propagation clustering(AP) is introduced. Then, a predictive control strategy based on online support vector
regression(OSVR) and differential evolution(DE) optimization for the pH is proposed. The prediction model is built offline
and corrected online, and a DE optimization method is used to solve the predictive control problem to find the optimal

decision variables, so as to achieve the real-time control of the slurry pH value. The industrial test results in antimony

flotation show that the proposed control strategy can stabilize the pH value, and reduce the chemical consumption.

Keywords:

predictive control for pH value

=

=]

0 35l

B DR 2 R A 0 S A R T
R KPR R B 2 5, T 5 O 2 B R . 7E
VRt AR b, pH A BRI B TR IR 257
(s, LA i R T MR 0. R A 2K R
15 75 36 B 14 pH ¥5 55 F A b 3R A5 e iR 1 48 45 H
VRN H 50 25 5 RS G AE S TR S b, T 5 2R e
BROR I, it pk pH ZEZRAR MR IR 25 k. FasE M2 | 5
K21, pH {E 18 % 70 55 K R A ORI 16 B A K
B L AR LR, 90 T pEL R 4 1 M B 7E SR A
e, A e A I R TN B LR BT T3

Weks B HA:
2 =H
fEH/N:

2015-10-30; f&[E HER: 2016-01-24.

b REE AL R (R RE TT.

image features; differential evolution; affinity propagation clustering; online support vector regression;

1 pH B VAR N S T R BRI, S 2k o bt
AREAR I B AZ ) Je, LA 2R AR, SO 25 71VH FE K,
LB B AE. PRk, SR AE AR & K pHAE
WAL 1 28 P Fa br B R E L.

BT g E., RSB/ E™
5, pH A FE B A SR AL L KA S AN e PR A5
KRG ME DU SRS T B B A AL BT IS s AR 2
Z G, BT B RE A AL (1) T 4% ) = R AT I U7 . STk
[3-4] $& H 17 38 T e 2 o) 2 0N A5 1Y Sy o000 42 o] S g
Khani 25014 H 7 % T Wiener 8{ Hammerstein 152 7! )
B TR TN 4 ) S W o A I L HE SR S HE )

H 5 [ R B 2415 H (61304126, 61473318, 61304019);  [E K H AR H 4 H S 15 H (61134006).
FEWENT (1981—), e, Bl #dZ, B4, W T PR S LT 7T % T3 (1988 —), 3, il 4, NHE 4T



1974

* R % 31 %

HL(SVM)IOL| 44t 25 9] 8% (ULN)! VG 37 F F90 00 42 i
B AHGE, 76 FlRix e 77 vk rp, TR0 AR ) 0 2 25 2R 1|
SR, SRR SRR 2R AR IE, TV I A R LA B AR R
PE, S50 5 B A E B B T AL AR Ak L R R R
SR &y pH R 142 1l 717 SR V5 2 AN 2 TR 3%, 8 2R A 7Y
R e L IX Fh AR A, [RIR, pH L PO E R AG RS B th 2

B T LA L B G AL B R Y PR
J&, e FE T B2 A 1 N B R N P T 0 o A
S5 VT A SIS AR ) A SR TR IR S 12, IR ot AR
SCEF R AT 2% pH AR AE DATE 22 4% 1 1n) R, DA i
& BRIE I N TR B, 5] NI AR R AR,

r'
0

= Camera Analysis

= Na,CO, /H,SO, Feeding

ST FE T 005 5 A% 1 R K (AP) B 22 BT B /N T SCHF
A S AL (LSSVM) 1 pH EL 4 A= 2, IF: DLk e il
FB, R kT 22 5 34K (DE) IR 2SO R [ &
5] 54 (OSVR) B ¢ pH B 0000 42 1) 7 3. 1% 07 %%
2 SR ) B B B 2 I R AN AE 2 2 ST AR S B T
2, W R (K72 Ak B 0 RUREHf 2, £ ) DE Sk
T AERA K H xR AL, SEBLET IR pH AE SEIN R, 98
BT AE, PERF L TEAR.
1 S RRKBASIEEETE
REBET | R I — R G L T
2, e RS E I BT N ik 4, JE A 58I VE A BT Tk,
HTZREmE 1 s

= Feed/Tailing

= Concentrate

Stibium

* Stibium Cleaning I

Gold Scavenging

[ ] ]
1 I I I
<__‘| ; Stibium (leaningIl

E1 R

JEE

FER 1k B rh oy — MR PRSI, BN —
FH G P AS I I TR, SRS PRSI IR & I &
TR WA FE e, Jab. ke 32K
e B FEAR S s AR vy, 7 N IR IR B fE A IR
pH B B, AT ORIE S 5 ) < (Rl T g
RFIE HAR, & BT AESSMRVE Sorh kA b k), 24
pHAATE 6.5 /L A I, Ik It R A L. DRI, W] 7E B ik
TN U S a8 0 Ha SO VS VI, 18 5 B R 32 1Y)
pH fH.

B RN 2 AR T2 L B2 BN L AR A
N 5y A, X 24 PR R DG R N 777 7% (v e
[ ) 2 [ 5 B, A 00 AR A P B o —
ANFEUES IR, SEI I R AR S TN N & L BEAT TR,
™ 3% (0 pH A BLHE D58 4 IX 8 245 70 e 15 R 4% HLAE H,
TER ARG E B 1R OL T, 16 24 77 s T 20 9 1R
2b, 2 SR pH B AT $2 ), ERT T A v A 2 T RF AR
5 pHEAEH VIR R, I, BRI FJ7 2%
TAPFRAGHL, 55382 AR R R, o B 5 ab P 3

BIFIEE

TR B G B R E 0 B I 1 pH B R AT B &,
S I T4 ) SR S T Ha SOy IR i, 45
€ PLC #EAT IR A5t P A F2 .

2 BT EBRERT K pH E RN =

2.1 pH XEBXBUREIRIFERER

pH I I BEURR SRR IE 2 48 e 78 70 I L™ 2% pH
{24 1) B /N BRI T2 IR ATE & BhIFIE T2
R X T — € WA, 1K pH A 3 e ) V3 P 2 g
R BUE RO R - RT3 A AN &) L WK By i 2
3K pH AE BRI, B0 S B K (0 R AR 2 s TR R
SR/ A 5.

LV I VR R M R G R IRIR AR e
Sstables 2K Garay ~ LLESY B Riea~ 285 B G greens
WO B Botues T Ssige~ K BH Ligaa~ T Hiyyes
SCPE Light ~ WEFE Kicur~ TRRHE Soes RO TT 2 Vi 58
13 AR RMRFAE, #EAEAS [RIFE BE b [ B 11 pH
B2 Ak, {HIX LEHFAE 2 [0 47 A S A A, M= EH 2 |



11

IR AT RARAFIEG 5T ik & K pH AR TN 45 1 1975

pH AE 0 &K B DA S oF S50 52 2% 2. IR 0, R O
WG 20 B 7 4, TH A 13 A MG RRAE AR 2 R pH AHL 1
KUK, B 24345 pH R BURFFEEE [Sstabte, Ggray
Ssizes L1oad, Sske, Vvar)-
22 ETAPHIZIEB LSSVM M E

B ouof TR S5 25 A TR ARE R SR 2 AR
Ir A B AR, RS AE B 2R YR IE R A, A AL
X R G ARG, FEAEREAN R B AR 2 ook i i
S pH fH. BN, 7E pH S IR BUBSRFAIE 128 B 227l E,
X i B AR AR A7 3 4% H6 (AP) 3R 2R 5 VA BEAT 732K,
SRR — SR ST B, PR T TR ) o SRk
176 B, 19 2 B 2 1 o B 45 1. TRV R AR
RN

X =[z1,29,--- ,z,]T.

Hd: x; = (21, Ti2, Tis, Tia, Tis, Tig)s 1 = 1,2, .1
, Zie 77 AN Sstables Garay s Ssizes Lioad, Sskes
Viar; THEREHFEANY = i (1=
1,2,---,n) N pH1H.

BN B A B AR RN R

Step 1: & T~ B &5 40 5 O oK PR REAE 3R X, 2
B pH SR I BUBRFAIE

Step2 K H AP 5 28 RS HUaR ¥ A 4

K

Step 3: ¥4 = % B H 5 2 W s OB L &,
AR A LSSVM IEIE 133 kAT,

Step4: 1% [ 3 y(5) Z,u”fl (z;) X kAT

i=1

RIS & R 2% pHAH.

pig ZRFEA § SR JE T TR R, REA
FIEE o FAEA OB B SREA § B rA AR T
PR SN BB R,

FERRY N I, SEIR RAR IR F RS AL o A 2%
TRATIAG B R R Ay SR, A AR TR e Y 4 Rt
74 BAS B — A0 R pHAR. B 245 7 — B[]
PRI B AR

8

Ti1, T2, *

[y17y27 e 7yn]T

soft sensor
------------ real data ;

pH value

0 20 40 60 80
samples

B2 pHEHMNEZER

FEF 2 b R AR R 2 (MRE) 4 5.536 %, 91 %
xR 2R T £0.3 Z W, A1 e T AE =R,
TR B E T A
3 ET DERMAELFFRERIFMD K

pH A8 T 0 925 o
3.1 OSVRIEZMFMER
PR pH AR PRI B ik g
y(k+d) = flylk+d—1), - ,y(k+d—p),
u(k),u(k — 1), ju(lk —qg+1)]. (1)
Hor: fRAAELME TR, o RIEHRIE, KA AAT Z, y
ﬁiﬁu:ﬂ% d N RE, p T g 43 ) D 2GR H ) B
NAH X

H T FiEd A E L JELthsm, TiEE TR
BECE A, I IR R R 2, TOLIR B E, MeR
F OSVR 37 T A5 Y, ] 7 2 15 1E A5 Y 39 9o
P, A RS

T ={xi,yira,i =1,2,--- 1},

vi=(y(i+d—=1),--,y(i +d—p),u),u(i - 1),
Horb UOAREAHL

A 2 P i S @ B RO g TR T 3 v o R A 2 1],
FRAE 25 8] HF OSVR I THE BN f(2) = wd(z) + b.
Horf: w ABUE R 0 NI E.

R T B MEENE T RS TR B SRS, A AR
& A€, R FH £ A B /N A T T A4 2 /MK B B

min D = ,||w||2 +CZ & +&).

=1
Yira — [(x;) <e+&;
f(@i) = Yiya <e+ &5 (2)

&6 20,1=1,2,--- 1.
o e HABUR RS, C NIET REL
IR R B H 5 FE, Db ) R Ak R A8 1] R

min W =
a;,of

l l
SIS K a)(a

i=1 j=1

l
52(0@—1—0@‘)—

l

> wilai+aj).

9

!

Z(ai —al)=0; (3)
i=1

i=1,2,- 1.



1976 = # 5 * R 31 %
Hor: o Mo AR HRT, K(vi,2;) = &(x;) x  OVSR-NMPC HIFAEE W& 3 .
@ () NIZEREL. I AT 15 P £y N o) [
: ~atue ™| trajectory [ > loptimization[T | plant >
f2) =3 (ai = a)) K (@i, ) +b. (4) - 1
R 19 7 KT 46, 045 1458 REE e
G003 AT A RIS -
E = {i||6;] = C.|h(z:)| > e}; . p‘ff%e‘i}“
BESALIE-¢ S v
S ={il0 < [0;| < C,|h(x:)| = ¢}; Y, (ktd+ DI Feedback
(R DI -

R={I=1|6;| =0, [h(z)| < e}

H o, = a; — af, h(wi) = f(z) — ys.

Y ANHEEARMANNZGET H, W h(z,) < e,
M BEEEFEABN RESF, SH01%; 4 h(z.) > e B,
BT AR 0; A (), HEDIFEARHEN 3 MRS
A, 0TS RE A e 1) SR AR AR T g, AR AR
AO AT AN F), B kS R [14-15].
3.2 DE fii{t# OSVR-NMPC i&it

N K pHEER R 2 — ME AP LR
LM RE, REHN Nulk) W, i N y(k + d),
MR35 2 gead 2 10 5 N\ HORT 24 1T s w(k), 38T
OSVR B F 4 Fir i tH 9 (k + d), 3R13 R G b
Hh B TIOI  H [RD R 2

e(k+d) = y(k+d) — 9(k + d). (5)
G IEJG A3 3 ke + 1B ZI T 42 i) 4 o
ypk+d+1)=g(k+d+1)+e(k+d). (6)

IR, S I S AR 22 e (k+d) 5 ¥ 5E ¥R 22 ErrSet
HEAT LL L R 8 OVSR AL 2 3 AT FE 5 2], Ak
o B R 2 AR AR BEAT AR AU SR, B 2 |e(k + d)| >
ErrSet i, 1 BB T, 75 ZERP AR AN I 55
HATIES 2.

Xof BfoRH 326 pHL AFL 47 1) A8 T Y0 428 o 4%, 4 ) 1k A
SRR

J(k) = [yri(k +d+1) — ypi(k +d + 1)]*+

M-

Il
N

7

NE

Ajlug (k4 1) — uy (k))?, (7)

Fort MR N 53550 47 1 s SR T et 35K

Z 5y B EE R — M BENLK AT BRI R A,
B A AR LAk AN T 8 A ) pR Bt AT B M, B
AR Ve A5 K 1 42 R T RE 7, HARZR LR 2L
e Bk, AR SOR A 22 73 A A H b eg HOR
fige, VA3 A2 AE 2 0P Xt SR gt 3 1) 225K DE AL AL 1

~
Il
—

E 3 DE{#{t OSVR-NMPC &3k

ALK G N u(k + 1), 7E DE izl & u(k + 1) 1]
A MERR N u; g H i e [1,2,--- NP AN
PRTEFDHE TR (7 51, NP AL, G o it
KH best /2 28 5 T A H BAS = v
Vi, = UBest,a + F(Ur1,¢ — Ur2.¢) + F(ur3,c — tUra,c).

3)
Hep: BRETF € [0,2) F— 525 HH 5, #H
i 2228 B (R IRAE . BEALIE BT 5 v ra s 5
T4 EK*E@, E_Tl\ T2~ T3 *ﬂ T4 '—5 E*ﬁﬁ%?%l ﬁjﬁj
ANHHIAL. SR F 30T 28 SCERAE 7 A il 1)
{ v;.q, rand(0,1) < CR;
ZTi,G =

Forr: rand(0,1) 22— [0,1] Z IR BEALEL CR NAE X
K1, BUE YA [0,1].

Fi W T A U D A 0 1) B o S5 A TR RO
B AR & u; o AT HO A, Wi R, IR BA B B bR
BRI HUE (1 ) R U s ¢ AL E, i 2 T —R 4 H
P R BN T BB, 45 A Ak, AT 3R 7 e ft s il
33 BESR

XT3 (1) Fr iR i pH (AR 26 1 2 48, DE i1k
(1] OVSR T4 il S35 B an

Step 1: ¥14fi1k OSVR 1 DE Z%;

Step 2: HR4f I 37 RAFAF 245 1) 5 G i N\ iy Hh 4L
o TR R BE A, 383 OSVR B8 28 )11 2545 21 T
BEAY

Step 3: TERAERS ZI k, XT38 ] & w(k), @it By
A T B T BB CREAE B O R B A B R S
Hy(k + d), 83 OSVR TR I A5 5L 15 3] 12 i %1 i th
Gk + d), E A TR0 R0 S By 7 80 L T % 2
e(k+d);

Step4: # |e(k + d)| < ErrSet, M4 LA A I
INZREE, OSVR B ORFFAAL; % |e(k + d)| > ErrSet,
D58 K SO A A 0 N I 5 B AT A 2 11 5 U 48 F000) A2

)

u;,G, otherwise.



#1138 FEW F: AT ERRIEAG4 Tk A K pH AL T 42 H1 1977
S, FH L] DL, FERR B DC A Y 264, 2E T DE ALY

Step 5: R k + 1 BF ZIRFRALE AN u(k + 1), 3@
T PR R IR g (k + d + 1), HAE 1E W2 7] LAAR 3|
yp(k +d+1);

Step 6: i it DE/Best/2/bin % 43 #E b Hi% R i H
PR B, G Step S FFATIEARTTEL, AT SRAT SR AL 4% ]
Hulk+1).
4 ZR550

GEA T Bk R E S — A A IS bRis T AE
FE R 456 26 8 ML ik pH (12 1 R Gt 1T K. 45
AL bR TS R S T OUREAS, {37 386 2 BdE,
IexF HEAT VT — A AL B, 3% BRI pH A R GUH N
WM X AP = q =4, B#d =5, C =500, e =
0.1, @32 W [(y(k),y(k — 1), ,y(k — 3),u(k —
5),--,u(k — 8)),y(k + D] HIFEALE o u(k) N
B L I 8 Ho SO, ¥ AL (ml/min), y(k) ¥t &
pH{E. B 336 2% 1 9 Il g Eicdhs, %R 50 261N
B0 UE . A% ek BOD S Az R L, kRS 4y = 100,
02 =10, B ErrorSet = 0.3, 5% F OSVR #4755 2k A%
A EMR, 45 R 4 FroR, OSVR TS B 24 %}
#8718 % hi T £0.3 210, R 3IKIEL %], HAR
BT RS FE ELi 2 T IR AE 2R IR I 5 2

predict data
............ real data

pH
N

0 10 20 30 40 50
n

E 4 EHT OVSRFUNIRBILER

L _E iR OSVR Tl 455 74 Sk S ftk, %o 4 L sk 1 ¢
pH {E BT T 4241, K H DE Sk e 415, DE &
HIAEEFENP = 100, F = 0.5, CR = 0.1, ¥
B4 1075, ¥4 1T DE H4k ) OSVR-NMPC #% il 45 R
55 8 /N 3 SRR ) LR 2R P 0 4 1) (LSSVM-
NMPC) 45 A7 05 B LL e, 45 R anf 5 Fox.

12

—— OSVR-NMPC
............ SVW-NMPC

pH value

0 50 100 150 200 250
n

5 SVM-NMPC 5 OSVR-NMPC £ % EE

OSVR-NMPC 5 LSSVM-NMPC 47 #i 2 5 3k 7 A1 [,
E N B R S IR o W oA S RSP ) =B AN
SRS FE 5 vt B[R] # 2GR T LSSVM-NMPC, %
H A AL B T A 1 s, 7E 1 IR H A AR DG T
1% ¥ F, OSVR-NMPC 1 LSSVM-NMPC ] H il T %%
T AR AR B, (H 2, OSVR-NMPC EL A 78 28 2 = fig
73, MBS (RIR ZE 68 0.3 B, 368 i % A4
T A S0F oL 455 24 33k 47 7E 26 42 1E. LSSVM-NMPC H #¢
T I A AR I A pH B RS e 7E e A, BT B TR,
I HLF 8 3288, T, LSSVM-NMPC 15 SR 1778 A
YT ) 2, B R B OK; T OSVR-NMPC i i & 1
S PRI, F 1) B SO0 406 o, @ B A R AR R VR SR A R T
PEENINE UL G AR E BTy Sk IS 28 2R i ] .

¥ DE 14k i) OVSR-NMPC 3 47 Bl 17 I 35 i 45
BAT 1A H L SEBRA = A pH AE T B 57 m N 21 AR
FH S B2 75 2 S min, YK BHE A0 FE R G010 R AE BT
() B > 2.5 min, DS SR JE BT822 2.5 min, FR0M B 45k
W 2, FE IR O 1. B 3 K pH E SR 5 A\ T4
il pH E BE 4T L, 45 SR 6 .

—— OSVR-NMPC
- manual control

pH value

0 40 80 120 160
n

E 6 ATiE#HI5 OSVR-NMPC $ZFI8 R xttl

B 6 H 0 i BIORE J8 5 15 min/AS. Bl G AT R
N 43 ) pH AR R 45 R B, R 2 AIC, IR G IROK, T
K H OSVR-NMPC i 75 J& B JE, 8 o & /)N, R4 b
Fa s 1 BhRH Ak pH . B AT — AN H N T
Hy SOy V- ¥4 B KE (55 9 /I B 1 W ™ 42 2 75 7 320 5
&) 5 OSVR-NMPC i 17 [f] Ho SO, ~F- 35 51 #E £ 45 13
TR EG, W 7 B,

- 5

©

=

.8 4t

253 '
= O

CRZIPIT 1S N

2 T T

g 1} —— OSVR-NMPC
SO (- manual control
=0

0 50 100 150 200 250 300 350
n

7 AI#%]5 OSVR-NMPC 2557 F 1 S FEXT L
H & 7 7T %1: OSVR-NMPC 8745 25 771 B FE % 5h 5



1978 Ll

5

* R % 31 %

AN, FHEE T N TR, 2555 BB RRAK 1 10.57 %, 15 2
TATLI AR B R BRI H .
5 4

G 0 V7 8 U0 R 2 WUREIE BE % SZ I S B pHLE AR
o AR SCIE T L3 A0 B S 2 Y pH 5% BB U R I A
NERENAS B, BT T 3T AP T Z B LSSVM,
IGAUE T BRI . £ pH R 1 SR AR LR X %45
il 1) L H T — b 2 OVSR A5 Y Fii 0 42 ol 0%
I Sz B A2 7= B0 2 28 g 2. T OSVR TRINAR 24, fy
T OSVR B G EL 2 )Ry, b 11k ToA R
SE I AR AL R G, SEEL T AR BLTE 2R B RS E. I
220 AR AL RS B b oR BOIEAT SRR, R TR
AT [R]. A7 BFD L3037 52 56 25 SRR, & T 2
(1) pH AE TI0l 4% A AR € T A =484, 1 Bl 54
pH {EL T R A

TRk S bR A Pe it FE AR K LR 2%, sl A
TR 2 1) 7 T e S DA TR 38 30 B 4 R,
DR] 0 R4 R 5 T 428 il A 25 A TR A P ) 2 TR B —
A ST i)

£k (References)

[1] Ma X, Bruckard W J, Holmes R. Effect of collector, pH
and ionic strength on the cationic flotation of kaolinite[J].
Int J of Mineral Processing, 2009, 93(1): 54-58.

BOREE, TR, WI4E, &5 pH iF B AR VR vk b i
M. At s: LW, 2008(2): 41-45.

(Huang S W, Zhang B Y, Hu J, et al. The application of

(2]

pH apparatus in flotation[J]. Nonferrous Metals: Mineral
Processing Section, 2008(2): 41-45.)
[3] Akesson B M, Toivonen H T, Waller J B, et al. Neural
network approximation of a nonlinear model predictive
controller appllied to a ph neutralization process[J].
Computers and Chemical Engineering, 2005, 29(2): 323-
335.
[4] Arefi M M, Montazeri A, Poshtan J, et al. Wiener-neural
identification and predictive control of a more realistic
plug-flow tubular reactor[J]. Chemical Engineering J,
2008, 138(1/2/3): 274-282.
[5] Khani F, Haeri M. Robust model predictive control of

nonlinear processes represented by wiener or hammerstein

(6]

(7]

(8]

(91

(10]

(1]

[12]

[13]

[14]

[15]

models[J]. Chemical Engineering Science, 2015, 129: 223-
231.

Bao Zhejing, Pi Daoying, Sun Youxian. Nonlinear model
predictive control based on support vector machine with
multi-kernel[J]. Chinese J of Chemical Engineering, 2007,
15(5): 691-697.

Han M, Han B, Xi J, et al. Universal learning network and
its application for nonlinear system with long time delay[J].
Computers and Chemical Engineering, 2006, 31(1): 13-20.
PR, AR 20, A, 25 BT M 2 1 B/ — 3
FF (R EEAL SC B AR bn O ). o B R
%, 2011, 21(12): 3149-3154.

(Yang C H, Ren H F, Gui W H, et al. Soft sensor of key
index for flotation process based on sparse multiple kernels
least squares support vector machines[J]. The Chinese J of
Nonferrous Metals, 2011, 21(12): 3149-3154.)

Zhu Jianyong, Gui Weihua, Yang Chunhua, et al.
Probability density function of bubble size based reagent
dosage predictive control for copper roughing flotation[J].
Control Engineering Practice, 2014, 29(8): 1-12.

Nuifezf Cipriano A. Visual information model based
predictor for froth speed control speed control in flotation
process[J]. Minerals Engineering, 2009, 22(3): 366-371.
Morara S H, Harris M C, Bradshaw D J. The use
of machine vision to predict flotation performance[J].
Minerals Engineering, 2012, 36-38(10): 31-36.
Jahedsaravani A, Marhaban M H, Massinaei M. Prediction
of the metallurgical performances of a batch flotation
system by image analysis and neural networks[J]. Minerals
Engineering, 2014, 69(8): 137-145.

Frey B J, Dueck D. Clustering by passing message between
data points[J]. Science, 2007, 315(5814): 972-976.

Ma Junshui, Theiler J, Perkins S. Accurate on-line support
vector regression[J]. Neural Computation, 2003, 15(11):
2683-2704.

Shin J, Jin K H, Kim Y. Adaptive support vector regression
for UAV flight control[J]. Neural Networks, 2011, 24(1):
109-120.

TG F )



