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Study on HBA-SVM regression model for heat drying sludge noisture
content real-time monitoring
ZHU Jianwei'?, SHENG Qiang’”, LIU Wei’, RAO Bingi* *
(1. Intelligent Manufacturing and Elivator College, Huzhou Vocational & Technical College, Huzhou 313000, China;
2. Key Laboratory of Robot System Integration and Intelligent Equipment of Huzhou City (Intelligent Manufacturing and
Elivator College, Huzhou Vocational & Technical College) , Huzhou 313000, China; 3. New Energy Engineering and
Automobile College, Huzhou Vocational & Technical College, Huzhou 313000, China;
4. College of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou 310018, China)
Abstract: Gridding method and black box method were used to acquire and analyze real—time monito-
ring of moisture content in heat—drying sludge. The properties and calculation methods of hot and humid
air in heat—drying system were discussed to study the relationship of moisture discharge rate, drying
time and sludge moisture content in the return air inlet. The latest honey badger algorithm (HBA) was
tried and introduced to optimize the support vector machine (SVM). HBA—-SVM regression model was
established, and then compared with the regression model of SVM optimized by particle swarm optimi-
zation (PSO) and genetic algorithm (GA). Results showed that the return air inlet moisture discharge

rate and sludge moisture content were non-linearly reduced with drying time, and the reduction rate of
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moisture discharge was slightly higher than that of moisture content. The coefficient of determination
(R*) and root mean square error (RMSE) of HBA-SVM were 0.996 5 and 0.979 2, respectively, and

lower dispersion and higher accuracy were achieved. By transplanting the model into the embedded sys-

tem and verified by site testing, the comprehensive prediction accuracy reached more than 90%. It is

concluded that the low dispersion of the prediction value and high prediction accuracy are obtained by

applying the HBA-SVM regression model, which is an effective method that can be used to monitor the

actual sludge moisture content.

Keywords: Sludge; Heat drying; Moisture content; Honey badger algorithm; Regression model

0 35

Bifi 5 A 6 RN A 77 BT P AR TS U8 I TR G K
TR B R T AL KI5 K, P2 AR 5 000 7t
(LAE7KE 80% 115 ) B hnis Je i, 15 K Ab 38K
AL THB AT AR WS Y Ak ]
ik 99% , H TG e vk 4 MUK RIS e 1% 3 Fh
AbFREE ARG PR HEA T A DR AR AR B FEYS T
MR AR, ¥ U8 AT Ak H AR R AR B L A
TREEK , BA REFEAR B R KRR & 2 PERE &
SR, SEEE T VS R AL AR ALY B R
B — AR BOE,  (EAX  K R B IR T
BEK

VAR, 238 N BP #2245 ( BPNN) | 52
FEIaI AL (SVM ) 85550 AT W ) 2 7R 47 1] 2 93
W, D WEKA 5 T HAF &89 M5P 4328 8] 15 5
P07 VS KAL) 20 000 2N EEIET T4
B, B8 T IR DE K F A 3 B I 48 A 5 5 AR
i, R IR I X R 250 1,18, ¥ iR 22
k9 1.59 , P F K SR T A S PR (W) A B AT

BT RS R (BAS) Bk n9 11k BPNN
RISk AL AL (PSO) -BPNN 527 3kt
BB (GA) —BPNN BLRUAH Fb , X6 25745 7 V4 i 40
T K AR TTOMRG B T e, {F T AR R I Aok
BAK, DILER I E R BARE AR IR T 4
252 KO SVM = Fh4 AR JEAT il F7 1R 56
UE, =R AR RESEA T 1 49 B /K R TN, {E T30 o
BRI, R FH i P 7 20 2 A AT B o o
IR B RSO R A R 2 8 B KR
SERI R R S TR 2 10 g AR E N
180 °C FEM I 2143 8L 15 8 & K A gt n] LA
PR TR H A5 e K % R TS e BIR =4k
Bl ARl B (R) V28 (G) (HE B (B) K (@
(Y ) 3T A S P AT 95 e K 40 T, A = )2
2 o 4% ] DS ASE A L0 AR TRY g T 4% L 5 S 4
RIEERAF, 735h, % IBBER - 12 Bk G

2

i3

Y Sk At i () 5% 0], - 48 B 25 B A A<t A Ry g
M) PRI+, 388 3k %o 95 e JE 7K 78 iz 6 T 5 5 7K i £
AR 43T, S T S K AR RO &L
BT,

WAMIFSE R R vk O 13 g
e 55 Z2 AU 7 /K SR ] 05 T A T R A1)
RO AR R BRMEAE T, STk [ 5 ] AT 10 ] A A 5% %
GIRNE K RS Ve T B AL FRUS /9 5 K % AR
T COD AN 2 5 BRI B H , SCRik[ 8 ]
{14 b 2 BRH K S 7, IR B R A4, TE vk SE Bt
SERTWEIN  SCHER[ 9 ] BIGEx T il 75 U 7 K 3
O EA — 5 R BRPE, PR5 e fE B T B
AR AR R R B A | TR S MR 25 R A
HETX T #44b ao F2 5975 Je & /K R 700 £ wif
580 MM AR SCHE TS U8 T A 40 2% 3K 5 | A [m] )3 7
DA, DA 24 28 RIS T s e #4381 dl ol
i, 1 Pk N 5 Hie W R 55, #E B R 4R 90 4
AHSEEHEAE A I 2 RIS AR | ) 2 R 5 A
S B AL HBA-SVM) [RIAHREAL . Hivk 2R )
DO K] 3 0 [ XL T S 4 X i e IR AN
TR M AT A ) R ) B B 1 2R vk A A 1
FisF 1] R[] XU 1T R 58 ( BB, s (BT HEVE 1) AR Ak
PG IR AR M, e, X S K S0 R
FERI YR T PR37 S B B 3E , IF 5 PSO-SVM 1] T 45
Bl GA-SVM [l I8 A7 R AL (R ) A4 7 AR
1R 2% (RMSE ) PIAN4E B R4 70 EL R 24T

1 WA EMERE

1.1 XBWHE

ARSZIG SR FH 5 7K 23 W 3R 45 5 )R S B0
TS AN ] AR s ) R [0 JRU 1T HE S A5 U2 75 7K
RN, TS IR BT R B 2% H N AR5 e
ROFERE AP R, A5 & KRE R
FEHREXHG R A EmER" ) HiRPAE
MUBAE TR IR < 150 °C I IEAS R & A= 42|
WA S 1o R 10 P I 2 A 25 SR LA AL



TR, 3 FE A A S /KR A S AS WU, 4 0 J5 S
G U S KR TR AR TR SR AL IR

(1) SEgab okt

Fa AN AR TS VR, 2 HE R IR ML)
WK IF 15 KL H 80%

(2) W & 52

o %o S 6 540 R A R K 3R T A A 50
WIT T —EY M R RS, % R G HE STM32
HUR ML NB-T0T #4245 18 B AL IR A% 1 SR
HARIRES 1 R A, B R RSN
B R W i R 5 A 0 S P e 95 B U R L
B FIR AL BN AT, LIS Y 1 AR T | 2 v
Bt nT AL FAEAH T BE

(3) g et

JUAR R A SHST50FL IG5 e #4282 T 1b Al
15U K W FR e (A A ) RN R RS
MB45 PR K5, SEE I A 1 FR

1 EHIF
Fig. 1 Testing site
(4) FLEBHL
SEER BT S ECR  AKREE 70 °C AR B2
17% FARNRGE 5 m/s 15T 30 mm  T-{LAT[H]
0-90 min( [A]% 5 min) , R IAT 5 RMHL, H: 90
S, Horp 72 AR KR T AR Y A A A 31|
YRREAS | A A1 18 AR AREEA

1.2 SVM [EJ3#EH

SVM 1Ak BR AR £ 4 1] 88 75 1 51 A A% oK 508
RE R A 1 3F 2 M ) 5 Ak o v 2 1 Ze e 1)
A ARERGORE R HER R | TR ] S T
Yo & K 2Z 0] 1 OC R HEAT [B1UH 4307, 48 95 U &
KRR | HENR R AT H i [ 7 A iy A%
I, 15U E K E Nk G, SR T P A B A
B R A 5

T=1(x,50,2) ,(%5,02,2) 4o (%,,5,,2,) |

e (RxR),
Hor, x, e R HHBHEAREIE , v, e R AL ]
B, 2, € RIS EKFEE, i=1,2,3,-,n,
HEAT RSB S5 15

flx) =0 o(x) +b (1)

K 0 HFTREL, o(x,) R AZS [ B FFE2S
(1] P Wt PR R, b A IR

TESCHRF ) B FLRE B v | e T 00 280 4 s A 2
KELMHFERZETTHF ¢ A RESE y
" P KT /IR 23 %t -l SR 7 A
MR, Rl S R B T 2800 | e R
PR SVM 43S g i B e s, ) T
WH5E € WAL+,

R AIESI 22 C b 2N /A= W (T

1 2 l ;
o1 +C + &) i=1,2,..,1
min ot |+ CX (&40

(2)
K. &,,&7 = 0 IhasthAs Gt ; & S mlIH pR A EE R
SRR FEA IR 22
51\ Lagrange PR %L, B F 4% 1] 35 2% bR 2K
K (v, ;) B s 2 s 0] N ARz B 5 4 3] — 2 s ]
ASRARAFE] SVM AR [ R A -

fx)=w - ex) +b=Y (@ -a )K(z,x) +b

(3)

1.3 HBA-SVM [EJ3#E &Iy
1.3.1 HBA J 4R

HBA ByE S J—FloR e Ak ) B e s %
AR B TR AT N, TR R A
FHRSEAA G PR EB &, B8, 5
Brib L ERAZR A . TER B R
PR S L I ROR R IRIT

(1) VI AL B RERP LR R B & A
AR, 15 U6 T 10 R 4 M IIN 2R B8 4R A i A
FHRSHL TR R A MNP IR AL R RE « B, 2
N HEREANRA B FIRE .



Xy X "t Xyp
KXoy Xogp *°° Xpp

x=| (4)
Xy Xyg """ Xyp

x, =1b, +r, x (ub, - Ib,) , Kl 0<r, <1 (5)
L BAEHE », 7 N AMEERE @ DAL
B, 1b, M ub, SR A (BN AU B B

(2) 78 SIS | B T Mg Wi g | B 5 0 BN
%0 HUEREZ R FE B A OC  EEE 1 i A 1
WG| R B YT R E RS

I=r,x —— Hiph o<, <1

47d;

s=(x, —x,,,)° (6)

d; = Xprey — Xy
e, B8 SLA O B (SVM BT IH - € Fi%
BRESE y Rl )  TER AU E AR A
INLE, ry, ABEPLEL, s B RE TR, d, £
IR AR B

(3) #Z 8RB B

FREALE TRE R T 2 Fos.oE

I I8 BRI AT @ 2 2 (7) SR RE .
+FxBXxXIXux,,

0 xd, x |cos(2mr,) X [1 - cos(2mry) ]|

(7)
X, w,,, BB TR REMALE; B = 1(A
S 6) RSB YIRE ST L € = 2, ¢« 24T
EAREL, 1, FIERRIEAEL; ry sy Flrg (0,
1) Z I8 = F B BEALE F o4 R 7 10 1Y
bR, M r, <050, F =10 F=-1,

x + F Xry x

new % prey

B2 ERMNEEHREE
Fig. 2 Honey badger location update schematic
(4)REPTE
S RE R B ] S 1 B K0 HERTRALLR

Ko = Xy + F X1 X X d, (8)

new

Hr, x,,, NEBEEBEARNE; r, R0,
1) Z MR A BERLEL oo — U BT A AR Ao A
Bk € F1y s .

1.3.2 HBA-SVM = /3 £ A

EFXF S B Ak, HBA B33k R H 30 i 45
B IS A Tl W R G P B, HBA W)
(R B AL AL, 7648 R RR 2 2 (] D) 46 )
G A AT SR 5% i ) AL, R AR Al
BPNN Z5AL#5 2% > S35 AH b, HBA 36 A /NVFEAR
=2k,

ARSI AR BURE A B 90 4, Hirh 72 4H T
HBA-SVM #2518 4HAE Jy iR B s 4 | [)
5 PSO ik A GA BT R SR H A3
HBA-SVM fifb it #E an &l 3 s, X FuimiAss 54 p )
B RIEAT T UL,

%
¥4k HBA ;
FIBE LA o i

AMARLE ¢
[ S
| KT a»
St c=2

PG AL Fll £ &
y 55
Xnwe,
TS AL R T
bRk P, B

R R g s
I ZE* ®
@< IE@@L_J A 45

E 3 HBA-SVM #EEGiZE
Fig. 3 HBA-SVM model flowchart

2 SRS

21 HERERITE

E—MREN T RGN, ARUXGE FTS e
JELJE R AS AR | (L [ XU 1T AR 58 38 ot 1 s [
RIS WTAE Ak , S 21X HE G 3 R A 7 A D
b, I HIF I 5 B ST 18 a5 S e R A5 12

(1) s SR

TERLERF L R WA T A SRR ZE S
SHARA A 3 R T B S ORI
W2 SRS SEIE R Ty R | 88 5 i AK
TRE ST BRI RK 28R K F1 R F Wexder 23
KA, B R .

3
InE = Y, C,T"" + C,InT (9)
i=0

. BH ¢, =- 60436117 x 10°; ¢, =
1.893 188 3 x 10'; ¢, =— 2.823 859 4 x 1072 ;
e, = 17241129 x 107° ; ¢, = 2.858 487



(2) Ik
HH 75 U8 O bR P e B0 A B A 1) 22 S
PE, 5 HERAE T AL 45 s I B AR AL AN 1 4
ZE TR AT, R BB &, R R XUE
] XU T AR B AR, R AR R BN, 7 T4k
AR e SAEKHLYE T 8 3, 38 5 T A5 e
S, HB R £ TR AP 2 A A S AR TR e Y S
FETET XU T BALASE i ) 4 %0 3002 B 5 0 XU T LA e (1] 4
XL 2 FRAEHRE H R Q TR AT .
RH, RH,
100% 100%
273.15 +1, 273.15 +1,

Q=(CxEx( Y) XV

(10)

K, € =216.7( 5AMMETAX) ; E HIEAIK

ZRSURST  Pay RH, 9 X MR | % ; RH, A

B X AR, % 5 ¢, A IO 2 SRE,C;

SRR 25 SREE L °C 5 VR B R AT (] JRL T HE X
%,m3/sO

PR A AR AL P9 3 IRUBIL 2 A 2R XL, XU AS B

SE AN [ AL TSP TR PN — a5 XU AR AR 2 K

AN T XU, SR FH IS Rl 43k a2 4 DR o, 4 €]

4 Jios o B IR XUE 2 A 1 R 43 A 63 4~ 100 mmx
F1 THREHER

Table 1 Table of experiment data acquisition

100 mm f/NETTIE , I HARYE AR E 4579 63
0 R, YRR 2l BN KU A% et I A5/ N I
T O 7 B 8 RGBS 24 X A, Fe
KR HERE

800

100

600

B4 BEIXOZEMELS
Fig. 4 Meshing of return air inlet section
22 IWEESH
PATR] X HER A=A s ] 20 [ 2L A
FEAAA AL T R HIERR I R B A 5] 9 22 e A
TR E KRR B SEI A a3k 1 (R
4 PRS0 I3 ) 27 4 LS5 T, #% HBA -
SVM ,PSO-SVM Hl GA-SVM 543 43 51 by 222 [ 3 A6
BUFFREAT E K AT, B2 H U R

Tk Hiv R/ 15 HENR %/ 158 HENR %/ 158 HEW R/ 15
BHEL/min -+ (g m™) IR, % (g+-m™?) TR % (g+-m™?) FIRE % (g+-m™?) IR, %
5 35.6 80.3 36.1 82.5 36.1 82.1 35.8 81.4
10 30.3 73.6 31.8 74.6 30.3 74.4 29.8 75.2
15 26.9 67.1 27.2 66.3 26.5 66.4 26.8 68.1
20 24.6 61.7 23.3 60.3 23.5 62.7 23.9 61.5
25 21.3 56.5 21.6 55.9 20.8 58.9 20.4 57.2
30 19.0 53.5 18.7 52.8 18.8 54.8 19.4 53.8
35 17.2 51.2 16.9 49.7 17.2 51.5 17.0 49.3
40 15.8 47.9 15.4 46.3 15.4 46.3 16.3 46.3
45 14.3 44.7 14.3 44.7 14.7 43.1 14.3 425
50 13.4 42.8 13.6 41.5 13.2 40.2 14.0 41.0
55 12.8 39.9 12.3 38.9 12.7 38.2 12.4 39.4
60 12.7 35.8 12.2 36.1 12.4 36.3 12.2 37.2
65 12.2 34.2 12.0 34.6 12.2 34.4 12.0 35.0
70 12.0 32.5 12.1 32.5 11.8 33.5 11.6 32.5
75 11.7 30.2 11.4 30.0 11.5 32.1 11.4 31.0
80 11.6 29.0 11.8 30.6 11.2 30.0 11.1 28.7
85 11.4 27.8 11.4 29.5 11.1 28.3 10.6 27.9
90 11.2 27.0 10.5 27.3 10.5 26.8 10.1 27.0




N T B X5 98 P R R R
XF &R Ff 4 45250 BTG 72 A 1 1)
PRVRAE AT P BIE AT RN 5 R

40 190
15| 8 A /IFI\JXU—IJITIE"FW',%?F 180
o e FIKE
T 170
S
5 “e {60
w25 . B
b L. %
& L e 450 &
_E; 207 A .'ov
= s e 140
) A D
L o
5 N
B SR E Y
10+
Il 1 1 1 1 20
0 20 40 60 80 100
A [1]/min

B 5 HEREXSKERN

Fig. 5 Effect of moisture discharge on moisture content

Fh PRI 2R I XL HE G 30 5 K AR B B
FIRF [FI] 1% 196 Jo 28 5 AR ] P 28 Pl 3 s S A e
ol Iy, BT 728 Al R s T KR, Bl
HIGUERT LR BERE , 75 98 N HE L KA K, 57K
FBWTREAR, H T AL I ) P HE R K 0 22 W s
15U KA A BOR BN B R 90 min,
T B BORIZ WAL T 0, BEWT 90 min ZJF Y A
K AT Rt A I ] A Tk
2.3 REHNEEEG

BT FRAE HBA Hk 04T SVM ST AR
e R T PSO-SVM Al GA-SVM [RI B
XF A S AT b aniE 6 s, 43
Geit =Fh ERRL R R F1 RMSE PR REIFAN 45
LI T Y G e

90
—e— Sl fE

-0 HBA-SVM Tl

A - PSO-SVM T

=R v GA-SVM TR

6 2IO 4‘0 6IO éO l(l)O
F-AL 5} 1) /min
6 TUMEXTEE

Fig. 6 Comparison of predicted values

HT IR, = PR R v 5 K R AR (B R AR A

PET B H, Sk RN B RS N 5 B /)
5 SHE R R AR 423, TS B &K R E
TE 27%7e AT o AFTER 22 1Y it RS0 4 5 S A Y
i 22 AT A E B AT G, DATSOIIE 55 S0 (8 A 40
FEFES U K, 45 PUIAS AU 55 7K S8 A B2
HBA-SVM ##I>PSO-SVM FAI>GA-SVM R A

SROTEPL AL SVM [ IS AR R Y 45 5 A S 8
FISLmFE] L2 2, HBA \ PSO ,GA =Fh {540k
3B C Ny A —E 200, B A LUE  HBA-SVM
[ = A5 AR ol 5 AT S5 () 5 i

F2 SVM #HEBHF
Table 2 Table of SVM model parameters

PS8t ZHC S8y IR/
HBA-SVM 5.24 0.65 38.92
PSO-SVM 9.67 1.37 56.53
GA-SVM 7.02 2.27 42.78

IR B PPN FEB5 R F1 RMSE | % 50 45
AR, W 3,
*®3 BERNBHEILE

Table 3 Table of comparison for model predicted accuracy

[E] A A5E RY HBA-SVM PSO-SVM GA-SVM
R? 0.996 5 0.993 8 0.974 9
RMSE 0.979 2 1.435 6 2.119 5

H1 T PSO X4 ey e LA B BRI ] B RIRY
JRIBRPE  FE TR A R e & AT, AN BT
P p g R, RN, GA FEEE FEAS A 8 145 I
TR S RS i B A2 SR HBA TR
SRR B PR B ) S 5 L o M B AT D
B RGER A R T A, X TN 2Rt B
AR 3 P, BT A e & 45 SR 2R BH  HBA -
SVM [l 545 74 1 R i £ K . RMSE {H fe /)y, it B
HBA-SVM [m] IS4 R AH H F HoAl o A HoA B B A
OMA R

Ry 20 SR = [ U AR f B 7K R ] o
AR X 18 MR AR R L G e AUl & O gt a7
Z oG W HBEAVWEXT Lh 2% -1 7 [ 3 A, 45 2R n
El 7 iR,

W3 4> M & PR, HBA —SVM , PSO - SVM , GA —
SVM = Fift [m] U A 7R 45 M L5 6 R 201 R 4300 A
0.996 5.0.993 8.0.974 9, UiHH HBA-SVM [n] 545574
T e B HORE BEATR, RS T e TR Tl A

H TR ARGz B RE I MNEA R,
I, ¥ HBA-SVM [FHEBALECE PC AL EA T 25
A, S5 AR RL I B B 2 Bl so [, FEHH



90r1
»=0.990 3x+0.539 6
R=0.996 5

801 18

70+

601

50r

T & K%

40t

30F

20 30 40 50 60 70 80 90
SEIET KR /%
(a) HBA-SVM#AY
90r
y=1.091 5x-4.563 3

R=0.993 8

801,18

70r

601

T & K FE %

S0F

40t

30F

20 30 40 50 60 70 80 90
S KR Y%
(b) PSO-SVMHET

90r1
y=0.794 9x+9.522 6
R>=0.9749

801 —18

70+
601

50F

T & K E %

40t

30F

20 3I0 4I0 5I0 éO 7‘0 8‘0 9‘0
SR ERE Y%
(c) GA-SVMFH A
7 ZHMEARBEENSER
Fig. 7 Linear fitting results of three regression models
MCU MRYETT AT WAL, 45 R R, F B L RS
AL B T B 25 P A 2R N R MR I IR 22 225
TRIIKG FE AT IS5 909% L) | 5 4 2 1 Tolk v H]
AR, ARIFSE A TR B T 95 2 K ) R ¢
Y5 e T e B B AT AR e A Sl A e I, A
it R P A i v K AR DR AG ) A X A
T A —EFEYE . BFTE R AE 7 M6 W)
A7 7RIS, 3T P A TRl A AR R AR T
30% , A EERUEALHE S 40E T WFTE Sl

3 & ®

ASCE T A R A S, JT A A K
WE R G A TS IRAT T 90 AR A S
e X R A A i L2 0 (1% ] AT, >R T PR A% K] 43
I [ R A SA RGE R R T R T T
AL IR EE S AN 34 S0 SR (R S e, SE LA 2 )
fATBAAk . AT A H [a] R 1T HE S 8 2R R0 7K R A4
T (B G iz kAR, [ s A2 Ak 3 s S AR 2k
I/, HE A T PR AR (L R 5 T K3

gm0 I 3k 1 T Y Ak Ak, 244k
SIABGH HBA X SVM 4% pR LS FORAE ST 7
FHL T H TS R KR B HBA-SVM
AR 5 PSO-SVM [A[IHELHY GA-SVM [a] 95
RIS MEPLA A 7 FE AN R T RMSE P -4k
FEFEAT T % HG 23 BT, HBA-SVM Y R* & 0.996 5,
RMSE 42 0.979 2, 5:3E T HBA XF SVM RY{EAk , $Ul
A BT B /N, WO AR B st PC
HLKE HBA-SVM [l 545 AU % i 31 ik A X R &2, I
TG Yo T Ak AR v 2 R e R 2R AR A Y 25
B TIKS FEREIA B 90% LA b, 75 18 5 /K F S i
DR 3 i, A SR T e 13 7K R W ) — B oA &K
T, R B AR AL B TR 42 W A R4
He WAt T —E %,

£ 2% 3CHf ( References) :

(1] Rff PG TS BT A T AR D] B
M HEHER, 2020: 1-10.

WU Min. Research on the design and process optimization of the
drying device of hot air coupling with microware [ D ].
Hangzhou; China Jiliang University, 2020: 1-10.

(2] @R, BRP2e, WK, 5 Bts Ikl Rt A R

AR R )], REIRIR B AP, 2021, 35(2): 19
-23.
JIN Shunli, CHEN Budong, CAO Feifei, et al. Research pro-
gress on control technology of associated odor in sludge dewate-
ring process[ J]. Energy and Environmental Protection, 2021,
35(2):19-23.

[3] SRR A5 Jesb Bkl & ke b SR [ 1],
E EIRLEA R AT, 2019, 37(12) ; 68-70.

GUO Sixiao. Research on sludge treatment and recycling approa-
ches and new technologies[ J]. China Resources Comprehensive
Utilization, 2019, 37(12) ; 68-70.

(4] BGERVE, IR, 4R, 45, 15 Ue 5 B R XUEE X ¥ g ¥ it
TR RN B TR A [ 1], Bhe R 5 TR, 2017,
17(12) ; 55-61.

ZENG Qingyang, WU Jiandong, ZHOU Xinggiu, et al. Effects

of sludge thickness and air velocity on sludge drying at room

7



[10]

[11]

temperature and drying models analysis[ J]. Science Technology
and Engineering, 2017, 17(12) ; 55-61.
Zeff, A, RFSR. WEKA PREE AL 5008 i 5 A ab 28
UEVFERERLT]. AEgIKIEK, 2015, 31(19) : 76-79.
LI Tong, LI Jun, FU Qiang. Simulation and prediction of mois-
ture content of sludge cake from WWTPs by WEKA[ J]. China
Water & Wastewater, 2015, 31(19); 76-79.
IR, FRFUE, BEHP, 4F. BT BAS-BPNN BUERIA) 245 Pk
VRRISY B ACRTIN[J]. 17K HERE, 2020(10) : 66=70.
LI Xuqiang, ZHENG Xiuqing, XUE Jing, et al. Prediction of
soil moisture content in seasonal freezing—thawing period based
on BAS—BPNN model[ J]. Water Saving Irrigation, 2020( 10) ;
66-170.
SANUADE O A, HASSAN A M, AKANJI A O, et al. New em-
pirical equation to estimate the soil moisture content based on
thermal properties using machine learning techniques[ J]. Ara-
bian Journal of Geosciences, 2020, 13(10) . 1-14.
B . 5 U8 Sk S B O RS (T ] AR,
2014, 41(9) : 218-219.
TAO Mingtao. Study on rapid measurement method of municipal
sludge moisture content [ J ].
2014, 41(9): 218-219.
BODUN P O, SHIBUSAWA S, SASAO A, et al. Dredged
sludge moisture prediction by textural analysis of the surface
image[ J], Journal of Terramechanics, 2000, 37(1) ; 3-20.
GAO Yufeng, ZHANG Qinyu, ZHOU Yuan, et al. Predict

Guangdong Chemical Industry,

model for water content of dredged sludge under the aeration—
vacuum condition. advanced materials research[ J ], Advanced
Materials Research, 2012(446-449) . 1472-1475.

JAAAT, WS, AP FE TR Ny s i T B P T
AR AR (D] R T A, 2019, 37(3): 158
-162.

ZHOU Piren, YAO Jie, DENG Wenyi. Sticky properties of
municipal sewage sludge during thermal drying based on a new
testing method [ J J.
(3): 158-162.

Environmental Engineering, 2019, 37

[12]

[14]

[15]

[16]

[17]

[18]

Wz A, TSR T A B s e p B S HIAF SR [ D]
BUM . WHT K%, 2018 40-98.

DAI Zhixi. Pollutants release and control during sludge thermal
drying[ D]. Hangzhou: Zhejiang University, 2018 40-43.
EKSL Jale Bektas. An effective novel dynamic ensemble model
for unbalanced datasets based on LR and SVM hyperplane—dis-
tances[ J |. Information Sciences, 2022(597) ; 182-192.
2RI R e, ZE e AR A5 3L SVMD - CMSEE 5 GSA -
SVM {195 5 L ) R G248 T A i IR A5 B RS T D 9 [ )/
OL]. HLil 55X 3 . 1-10(2022-04-02) [ 2023-02-23 ] . ht-
tp://kns.cnki.net/kems/ detail /23.1202. TH.20220401. 1401.
002.html.

LI Feng, CHEN Wanwan, LI Xiaohua, et al. An intelligent
fault diagnosis method for transformer in novel power system
based on SVMD—-CMSEE and GSA-SVM[ J/OL]. Electrical
Measurement & Instrumentation ; 1-10(2022-04-02) [ 2023 -
02 — 23 ]. http;//kns. cnki. net/kems/detail/23. 1202. TH.
20220401.1401.002.html.

HASHIM F A, HOUSSEIN E H, HUSSAIN K, et al. Honey
Badger Algorithm: New metaheuristic algorithm for solving op-
timization problems[ J]. Mathematics and Computers in Simu-
lation, 2022, 192; 84-110.

ASHRAF A, ALMAZROI A A, BANGYAL W H, et al. Parti-
cle swarm optimization with new initializing technique to solve
global optimization problems [ J]. Intelligent Automation and
Soft Computing, 2022, 31(1): 191-206.

FADEL I A, ALSANABANI H, OZ C, et al. Hybrid fuzzy—-
genetic algorithm to automated discovery of prediction rules
[J]. Journal of Intelligent & Fuzzy Systems, 2021, 40(1):
43-52.

FRIGE. 2T DCS [t 5 57 B & WP RGBT 5
[D]. B FWSSEKY:, 2007 42-48.

CHEN Xiao. The design and application of DCS based clean-
room facility monitoring& controlling system [ D ].Shanghai.

Shanghai Jiaotong University, 2007, 42-48.



