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Identification of cut tobacco components based on

AdaBoost ensemble learning
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Abstract: Objective: In order to improve the identification effi-
ciency of cut tobacco. Methods: F-score feature selection method
and AdaBoost ensemble learning method were used to recognize
cut tobacco components. The texture, color and shape features of
cut tobacco were extracted as the input of the model. The feature
dimension is reduced by F-score feature selection method, and the
support vector machine (SVM) was used as the base classifier,
then AdaBoost ensemble learning method was used to get the
classification model of cut tobacco. Results: This method could ef-
fectively distinguish different components of cut tobacco, and the
recognition accuracy of each kind of cut tobacco was more than

95%. Conclusion: AdaBoost ensemble learning method is faster
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and more convenient than traditional methods, and also safer and
more effective.
Keywords: classification of cut tobacco; SVM; F-score feature se-

lection; AdaBoost ensemble learning
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Figure 1 Flowchart of cut tobacco recognition method
based on AdaBoost ensemble learning
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Figure 2 Three-dimensional diagram of cut tobacco

structure detection system
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Figure 3 Image of cut tobacco

1.2 4H{EFREN

L2l ZURARE  SURRHIESERR R —Fh R R . d
Tk P X J8 PN K 7 A B R AIE R AT AR A B R — A
{H . SUHUERAEFL AT e e AN A8 A o EL X R A A A A IR
RETT .

TR 3£ 6 e R I 2 M) T 2% R 5 OB S Wl 80 B AL
AHABAR R 2 1] (9 JR AR G L B e 8L AT LR i R
JRBE 225 () G A 0 — S0 o R I A I 1Y 2 K
55 G 14 IR B GO )

AR A 5 B 3 A RE R AT AT 5 M X b B2
PEL B BB A OCHE B R ks Uh

Ezp(z,n, P

Dicimituiey = ZZP(i,j) i )

mogencity = Zk)ijpu,j)% (3)

TG

Ay = iip(w')z, (4)
T 5

Eeey = /iiP(i,j)z , (5

22 <z]>P<z,;> ’ .

u,:zzixpu,]‘), D

= iiiXPG’j% (8
TG

s%:iﬁjpu,pu—u,)% (9

k

k
Si=DIDIPG. ) G—u)t,

- Erl N EE

~ ontrast

O

(10)



r&M | Vol.38, No.3

Cnulm>l 7XTJ— Hﬁ J_FX? H

D igsimitariy— 26 57 5
H omogencity — [R1 2P
Asu— B 5

E ey —RBIE;

Corretaion——FA RN 5
% 1 AT INALT B 5
%5 7 AV INBCT- 18 5

St—5 i [T 25

S;—5 j BIMTT 2

i KEAE

k VEZEE €

PG —KEEME « 5 RSB IA SR,
1.2.2 LBP Sy 7 5847 M Xk 48 22 4T X 43, 5
SRR AR R 3 — 8 A X (Local Binary Pattern,
LBP) . & —Fl i it 18145 R 8 S0 B4R AR 19 55 HA T
S R ARV RO BEA AR ED Y R — R 1 2B A% B
AR kB . BT EAGA R LBP B EBGT R.A T
FERCR R UG E R LBP S M0, i L% =
AT LI o A3 R 7 i ke 9 T
1.2.3  BUOKRAE B0 4R AT 2 X 4 AN [R) b 28 0 2 (1) 2 %2
FREZ — . B B Stricker F70 42 1) — F 6 5045
BB FIE RN k. BT A E B 3 0 AR
BErb L BT DU — B AR B AR A = B R R DL 3k BRI B
o3 A, B 5 355 RGB 5 A5 7 f HSV 316 4 7Y
A TE 1 — B AR B AR = R D 22 B B (0 R

— WA B S B AR A B E LI

Ui

uj

1 N
= => P, 1D
1<
“'::«/FJZS (Py —p)? (12)
i=1
3 1 N
si = ;erg] (P —p)® s (13)

A

i —— BB —B

ENASE BT AdaBoost SR ST ME £ A 53R H

iR A
B = B

P, —% i MEEMNE ;] MERWEREE;

N — BB P BRENE.
1.2.4 JRARFRAE  DhArBLBE KR BE L IRDIE BE S B I 22 11
TEARFHAE . T 3R BUB R FFE . 8 560 R €0 184 80K BE
AL 2R 5 S I B I AR5 R T OTSU B3k 3 IR B2 I 5 it
A7 B A AL 2 A3 3 (L o e H S L R . A 22 g ]
i 4 iR

Zat OTSU 5k BB b A #5153 2 5 —(EE
AR GTEREBBENBNEK L REEEWEREA
BOMmA S o f R R FBUR] A5 43 HORE -

I

D=".
S

K
D— %
L — B RA R K
S — REaSHEE AR,
Wi 6 B B B AR S T N MERETE
MR A
S

Smer

A

R —E

S meR e /NN FEE A 5

S e B AL R R A AL
R TE it

4nS

[z

o

Si

(14)

R =

, (15)

R, = (16)

K
Ry — BB E;
L — REBRENBAK
S — RS GRREAN L H L.
1.3 4FEERF
& 48 1) F-score Ji ¥ Je — b i 41k 1 AL 78 W0 2K 22 18] 73

B4 M2RAE A5 Mz_{iA H6 MeLFIIIBEELH
Figure 4  Original picture of cut Figure 5 Binary picture of cut Figure 6 The minimum circumscribed

tobacco

tobacco

rectangle of cut tobacco



208

F % Bz DEVELOPMENT &. APPLICATION

PBE T A7 B . R A8 A 4 R AL TE W 28 2 8] /Y BE 1 O R
AN AR T B AE TE — R BR M H3E T
B AR AIE T % AN RE T2 N T 2 25 ) A0 b A R AR R
i 23 J5 1) F-score J7 3577 WUl gl 7 3 — ) A, &2 BE BB
fi A o R AE R T 28 22 R] 1 B 0 BB I D L A BB 68 A 4R
TEAE 22 Z BB FE R 01 KN . B 3 #6005 19 F-score
FTE N ATRAE B B . Uil J5 B F-score F¢ i 3 #5877 1% #ff
WA

HENMBHEARE 2 € R k= 1,2, .0, W Zrtt
A @ DMLY F-score [ XN«

1 .
Zkl [z —z, ]

F, = .
S 20 L T

Eve e

F,—% i MHFER F-score;

x5 AR BE R BT

EERIESS (C/TE WU RS LR

iy 5 R e DA S | ADRHE R RRIEAE 5

L ——HEAREGNE. L = 2;

B RMEEARDEC =12,

a7

(
x

s lo)

nj

WCHE 1) F-score FEAE 36 45 J7 1 1k T 28 il T 43 o DU, F-
score {BLBR , W2 AE (149 73 28 B ) J 8o B 28 1] B g
KN PR HOCR B, &7 TR 12 281 LD ik
T AR,

1.4 AdaBoost £ F 3]
AdaBoost £ Jif % 5 Fik & — Ak U o B

kS

BE 2458 | 2022 £ 3 A | RaEUUMH

RURE G R BMR— 0K . w R T %
R TIZ M — RS BOE R B AR R AR F
YR HEAT 38 T T EL 4% A 40 25 245 (0 45 SR 2 B A DG I
WG — N or 2R8I o 28 0 B 2 2 B AT — A e A I
Wil o T DA B — AN 43 235 I AL R — A 3 o 9 in Y i A
KA REAR B (A3 R — 340 288 LR 4
FEAR , DT 428 125 48 B 53 25 48 IO RS 2 &

AdaBoost F7k 43 JER B2 5 e« R % 45 O 70 Hh £
5 0 R T 4 AR TR Sf A 55 2 30 L R (U 7 A X i B
M H AR 5 & A L& A BE B0 . BRItk R S 4R 1) B AL
VR H 5y 254 @ it AdaBoost £ U 2 1Y 7 1k X 4 22 i
3%,
2 AdaBoost B2 2] J7 i AL

H T 86E AdaBoost 8 i > i 1 AT AT E SRR
W 5 N T 3 B 0 9 245 5 95T DL R sk 22 2 W)
Iy EME T R R I T TR A ] Foscore JF
2 SVM w2 9 A% o 8RR AE Y 414 5 S R0k
R TR R AU R .
2.1 WREHEEMITEN IR
2.1 RN I AR A T A AdaBoost £ A,
23] R SRR A AR S O R A U 4 T 46
5 % R Bk 2% i 2 T 4% )y 1 He e o B A L R 3 4
RA W2 TR . HARME 228 b R 2 1 FrR L4681
MG M 2% 2 ARG ML LKL .5 34
MR 4BZ,
2.1.2 SEFEMABEBIRE AT X AdaBoost 4 i %
I H LSBT BB I, B4 5 41 B0 A AT I 2%
S, WK 2. 5 B AR Y LE R R LR G 22 h AT
WCR A B — e R

x1 RBREHEZRARA
Table 1 Experimental group of mixed cut tobacco g
2053 WiR B MR W RE sy
1A 10 10 20 40
924 10 30 10 50
B7 3EERL A
Figure 7 Multiple cases %34 2 ’ 1 o
R2 BIEEHEELS
Table 2 Data set sample division
) Wi 22 122 w22
i WA MRHEAR  UIGREAR% A% IgAEAS WA
EIE 202 87 201 90 207 85
Btk 2 412 177 418 182 409 185
HORAE 3 500 215 501 210 502 212
MR 4 1002 431 1020 126 1010 435
HRAE 5 2012 860 2015 862 2 007 365




r&M | Vol.38, No.3

2.2 AEAFEILE

WM 3~ 5 FraR s N LRI T7 1 09 °F- 4 A0 X 15 22 85
T A TR 28 0 24 Ty 105 0 ik 25 i 4 I 24 3 AR A A iR
22BN B AdaBoost 4L A% 2] Ik L ALR 2% .
SRR N TRy A B A T2 4% 18 2 il &
B2 5 7 AR K IR 2 . T 6 AR 28 I 246 75 76 55 bR 3 AR
Hh YN SRR B LE A R AR P VAR R A 2 K AR —
FE MG I, RO ALZ AL AR T BRI R 4
PRI RATRAR 5% 22 M 25 ) 245 3 o)LL o B 5 0 4% 1 7
WA AR R D W SC A T S 03 T EE X TR s
W2 SN DX AR AN R R 44, Le A0 35 43 4 24 A
22 ALAN A B S ) IR AR XE X 43, X T3 — 38 4 A0 22 4%
MEHEAT AR, T B0 7 1 00 U R R AR —E
JRBRTE . AdaBoost £ B > 5 1 7E S5 PR R A oh X 4 — b
KR LA AU TN 3 28 45 AT I &, I 6 T 2 3 500 8 1% 1)
A% 3 PR ATG HL A ZEAUAA DAB R E 22 R 0 R o B E
1R85 . AdaBoost 5 B 2 7 I 09 AR R R 25 <S5 00 4l
I UET AdaBoost £ 2 > Jy ik i MER P S5 AT AT
2.3 SEEMR
2.3.1 LBP¥HE4E¥c RIS M B LBP X B3 # 17
WF S SR RIR EH AN 59, S EG P a G E
GO L AR FR A B BIDSR OB L T R AE S R otk — Tk IR S
Wy LBP $RE 34T 59 2. 1 £E S BRI A b 38 2 0 R lE
o3, Z J5 3B — Py LBP R AE % 36 I RRAE 19 5 4%
P LBP RFAE BT B8 AR 2 BG4~ 38 43 1 SCBLE A
W W R AT IR R R 2 X1 B 4 X1 1Y
BG4 5 £ SCLBP AR AE o H X 17 119 45 AiF 48 5004 51 2 59

E/NAE ETF AdaBoost ERF SR Z A5 iR 7

118,236, WAk 6 P, 4 BG40 8 4 B, BVRRAE 48 50CH
236 I HERA i . 3X AT BRSO AR X TR 43 Sl R
5 53 B 2 Je, 23 i 4 BUE 3R I LBP K¢ fiE 3 45 5 32 i
R 8 20 URAAE o TR TR AT B8 2 19 4 AN AL 25 1
Jon B IR AE (9 1 18] L T EL A 22 00 R AR T BE 23 3 LIT AR N
T ZERIEEEER A . Bk ER 2 4 B, LBP
FRAE A AERCN 236 4E .

2.3.2 F-score S#fE%E#E W 7 oM, (i ] T F-score J5
05 - A B0 A 5 B B R R T 2 o A L R A
F-score J5 ¥ 101 1Y 5.9% . 76356 A0 22 30 €6 o038 IR IR 4
AERS  HAMEAE R B BUL T HE L7 AR 22 8, X
LEREAE I AN RE RN b T B A L RHAE W] BR A 2 AR AE —
FEM T8 T 360 3% S R AF 2 T & A 70 T4 75 B R AE
HERCIEAT AR/ HE R T U L 52 5 22 0 i i 3
2.3.3 SVM B %t M 8 AT LI i, 2 E B o6 By 3R
I AR 5 2 T R R R R X B L H S RBF
% SRR LE B SO AR . A% R B AR BT e A 4% 4 R
B Je Ko B i S5 30 055 4 A 1) Ok figk ol 7R 5T IR 5 () v
ANET A3 TR0, 2 A A R TR o AT PR A A BRI R LR
Xof WA AR AE 1] 5 00 P9 B AT o B R ke 1R B
R0 ABASCE T 4R M AT 3 0 i A D X B i o
78.23 %0 KT LR VA% 0 BT N RE RS A 22 E AT A AU 1R
X%, 1 25 100 3% o6 B A RBF 4% o8 B0HK vT LUK S0 04
B E AR 24 H L EZ2 AN S B RN E A, Eid
Xt AR B 1Y S PR o A 6 8 1 RBF B 6 S0 mg A T 22 00
A% R 255 5 1B ] RBF B ek %K.

2.3.4 FRAEALA ROIBIR T AR REAE 41 8% F 0 2217
F5 FEIHEREELIRAZEREI
Table 5 Statistics of recognition rate of the third group
of mixed cut tobacco %
- wﬂ%ﬂ% $Kj+ﬁ
Wire My KR 2E
AT AR5 48.64  22.67  28.69 39.43
& R 2 ) 45 1) 68.87 10.59  20.54 14.44
B 25 40 2 ) 45 L1 65.69 12.27 22.04 6.26
AdaBoost R ik 63.89  12.20  23.92 2.98

3 F1AHABESELIAGNRSEIT
Table 3 Statistics of recognition rate of the first group
of mixed cut tobacco %
- u%?ﬂ% ?f’:ﬁﬂ
Whe Mz iz xR 2
AT AR5 7.15  20.14  72.71 45,42
&R R 2 9 4 1) 28.52  16.84 54.64 18.67
B 25 1 28 I 45 L) 26.98  27.21 45.81 8.38
AdaBoost 2 3 ik 26.15  25.99  47.89 1.26
F4 F2HBERLIAZNESIT
Table 4 Statistics of recognition rate of the second
group of mixed cut tobacco %
. LRYIES S H A
ik W My i X R 2
NNV 18.88  44.14 36.98 38.98
3 U 22 ) 45 3 23.54 54.22 22.24 12.84
B% 22 i 0 W 245, L1 21.87  56.68 21.45 7.38
AdaBoost % 2% > J5 ik 20.88  59.17  19.96 2.00

%6 LDBP U F4 414 M P AE A 45 b f0 B %
Table 6 Accuracy of LBP in test set with different
featuredimensions %
AL 2 5L
K i 4
59 118 236
EACIEE 76.29 77.62 80.21
i gk 2 74.37 76.97 81.55
Bt 3 72.85 78.08 80.92
B 4 76.71 77.93 75.67
B4 5 75.48 76.81 80.24

209



210

F % Bz DEVELOPMENT &. APPLICATION

R7T EBEENKE LRERE

BE 2458 | 2022 £ 3 A | RaEUUMH

Table 7 Accuracy of the model on the test set %

T Fscore ML 1T Wik 2 W3 WKL 4  WilES  FIMERR
= 96.37 95.78 96.34 95.57 96.21 96.05
e 90.41 90.12 89.97 90.36 89.89 90.15

R BREBEBENKNE LR ERER

Table 8 Accuracy of kernel function models in test set %

1% R B Wik 1 kg 2 WdE s Mk 4 WKL S PR
R AR 78.74 81.97 75.21 76.37 78.85 78.23
EAYE W AT 91.51 92.68 90.78 89.82 91.45 91.25
RBF #; bR $1 96.37 95.78 96.34 95.57 96.21 96.05

®9 HEAFENGE LEBRRESEMNKENERE

Table 9  The accuracy of the model in selecting different features on the training set for testing

%

FRAE Mk 1 MWhik4gE 2 Mk Wik 4 MKE S THUHERR
gL 80.21 81.55 80.92 75.67 80.24 79.72
i 73.85 77.94 78.67 77.35 76.45 76.85
SN 60.78 55.49 51.74 58.97 57.22 56.84
LU+ it 95.49 94.38 92.54 92.07 85.98 92.10
@1 BN 89.54 90.11 88.98 85.23 87.41 88.25
RN 80.34 85.64 84.37 83.72 84.28 83.67
LU+ B+ TR R 96.37 95.78 96.34 95.57 96.21 96.05

TR A . TEAR L W 22 R R 22 3 g 22
HI A 5 Ry AR ABL A8 4 o B AT R AR M 3R AT X 43 o 7 AT AR
AR T A R AR AR . T T o P RO e RN SO, =
ST — B 25 5 AR A AE AR B S AL 8 43 BT LA
IR B SR R A B AR A X A 22, 2 3E I
R R RRAE SF 47 20 A B o S0 38R0 20060 65 i 21 6 1 - 25 1
RIKBT 92.10 %%, 1 SCHL L B 0T AR AFAE 4 A 19T B
HEMI I B T 96.05% . B 0t , ¥E FHSCHL 66 Ttk 3 Fh
FRAE SR

2.3.5 MR EFTT Voting™
AdaBoost 3 Ff 4 i 2 3 J5 1 (9 A0 B 5 FR AR A AR UL, Y T
PAXT 22 AR (A A5 O 6 AT A RUX 43 . RIS 3 Rl AE 42
Xt 5 AN BOHE SR BEAT IR E . W3k 10 BRoR, 52 A
Voting B4 B2 > J7 1 4 L - AdaBoost 48 52 > J7 19
WHFERE=FZPREMN. RH Adaboost H ik #7174
Js AT DA T 2R 28 g — A 55 40 2 A% I DR AT L 45 4 25 R
BRI T A B, Rk, %6 AdaBoost 4 i 2% 2 7 ok
HEATAE ALY S5

S

Bt N TR 22 2 23 A I AR AT 28 R AR A M L

R 10 FAREMFIFENNXEERE

Table 10 Test set accuracy of different ensemble

learning methods %
LUEE SR AR Voting AdaBoost
BEAE 90.51 92.37 96.37
Bl dE 2 91.63 93.81 95.78
a3 88.32 94.28 96.34
Bl g 4 89.47 92.74 95.57
Hd e 5 90.55 92.58 96.21

H— 3 T AdaBoost £ B 2% > B M 22 73 4L Or v .
F T F-score $ AL 1 £ 7 1 4 7 AL 2647 [ 2E 40 B2 L i 1)
e T RS SVML i — 25 0 Al 45 A 16 45 A1 23 26 1k
BE.JR o TRy Rk RE . SRS IR AR L L% s R
SRR (L S A A T LR B R AE 955 L B
ST DU A 22 0 0 T B AT AL L B T OR E  E—
Ao 4 1 M 22 4 43 R Y o R

S & ik
[1] XUBEHE, 25k, T IT5, 55, & T3 20 AN 6 3k 09 46 M0 ic 7 45 44 37
I MR ERHE, 2006(10): 16-18, 27.



[2] M3, SR, A&/

(4] B3, JA WIBR, TR, . LT ER 2E M

r&M | Vol.38, No.3

LIU Xiao-ping, LI Bin, YU Chuan-fang, et al. Cigarette formula
structure recognition based on near infrared spectroscopy [J].
Tobacco Science & Technology, 2006(10): 16-18, 27.

N %» 5781 F-PLS-NIR ¥ Hi W 45 4 i
J7 00 22 RE 22 Je W 4 2 8 B (D] P R 22 4R, 2010, 16(2):
26-30.

HU Li-zhong, ZHANG Sheng-jun, YU Xiao-ping, et al. Uniform de-
sign pls-nir method for predicting the content of cut stem and slice in

cigarette formula[J]. Acta Tabacaria Sinica, 2010, 16(2): 26-30.

(3] Wi, E2, #k, 4. 55T 5 U 22 I 2% 1) 0 22 ) ot 24 R

B 5 (1. R RLEE, 2017, 50(9): 68-75.

GAO Zhen-yu, WANG An, DONG Hao, et al. Identification method
of tobacco material composition based on convolution neural net-
work[J]. Tobacco Science & Technology, 2017, 50(9): 68-75.

PO £ 110 M 22 2 R 7
ER ST [J] M R B, 2021, 54(5): 82-89.

ZHONG Yu, ZHOU Ming-zhu, XU Yan, et al. Establishment of cut
tobacco type recognition method based on residual neural network[J].

Tobacco Science & Technology, 2021, 54(5): 82-89.

(5] e, THEVE, R, %6 2T SVM I IR 2» R BE 5L (0]

BUF R AR 5%, 2017(10): 123-124.

MENG lJin-long, DING Chao-yang, ZHOU Hui, et al. Research on
image classification algorithm based on SVM[J]. Digital Technology &
Application, 2017(10): 123-124.

[12] H A, BB A, F=HATL. SIFT FERs A7 LBP MH4% &

[13] BEREAR, TE 2295,

[14] B =, ZEAAME,

ENASE BT AdaBoost SR ST ME £ A 53R H

segmentation algorithm based on gray level[J]. Geospatial Infor-
mation, 2005(6): 9-10, 21.

1 5
VCHCSE s (9] 38 55 HLAH BY B3 5 BB 27 2 4, 2010, 22(2):
286-292.

ZHENG Yong-bin, HUANG Xin-sheng, FENG Song-jiang. Image
matching algorithm based on SIFT and rotation invariant LBP[J].
Journal of Computer-Aided Design & Computer Graphics, 2010,
22(2): 286-292.

— Tl LA T e AR A M T A S B R AR G
FEI7ED] BT 5 1E SR, 2002(11): 1 441-1 446,

HUANG Xiang-lin, SHEN Lan-sun. A texture image classification
method with rotation invariance in compressed domain[J]. Journal
of Electronics & Information Technology, 2002(11): 1 441-1 446.
X FFRR A5 R T AN A T B AT SE A A
BT IE . THEALR 5 B, 2015, 32(11): 193-196.

HOU Yun, LI Bo-lin, LIU Jia-jia, et al. Fastener location feature
extraction method based on gray invariance[J]. Computer Applica-

tions and Software, 2015, 32(11): 193-196.

[15] BEFS 43, TR e &, WX R e T4 4y LBP S0 R 1AL 3% 1 7R 2l il 7R

HCRAS W7 0k (9], T B L S R 2 2 (8 SRR AE D, 2020, 34
(4): 1-6.
XIONG Bang-shu, ZHANG Xiao-fei, OU Qiao-feng. Rolling bear-

ing fault diagnosis method based on equivalent LBP texture map[J].

[6] WANG Rui, LT Chao, WANG lie, et al. Threshold segmentation al- Journal of Nanchang Hangkong University ( Natural Sciences),
2020, 34(4): 1-6.

[16] STRICKER A M A, ORENGO M. Similarity of color images[J].

gorithm for automatic extraction of cerebral vessels from brain
magnetic resonance angiography images[J]. Journal of Neuroscience
Methods, 2015, 241: 30-36.

[7] CHEN lJian-shen, KANG Xian-gui, LIU Ye, et al. Median filtering

Proceedings of SPIE-The International Society for Optical Engi-
neering, 1995, 2 420: 381-392.

[17] WHIE %, &R, %0, 5. 5 Tk F-score 5 3 H5 1] & AL
I8 R AIE 28 8 5 (0] TSR A, 2010, 30(4): 993-996.
XIE Juan-ying, WANG Chun-xia, JIANG Shuai, et al. Feature se-

forensics based on convolutional neural networks[J]. IEEE Signal
Processing Letters, 2015, 22(11): 1 849-1 853.
[8] W i, ZE M, V2% Ut . it 1 Otsu B3 76 BER 43 310 wp 14 102 [0,

[10] VLEZR, EAHAL. 56 F K B it

HL 0 5 AR 27 4L 2010, 24(5): 443-449.

HU Min, LI Mei, WANG Rong-gui. Application of improved Otsu
algorithm in image segmentation[J]. Journal of Electronic Measure-
ment and Instrument, 2010, 24(5): 443-449.

B, EURBG B — R SR I R X R /N SRS 1
LB THAHL TR, 2004(12): 124-125, 142.

WU Xiao-guang, WANG Di-qiong, SHENG Hui. An algorithm for
obtaining the minimum circumscribed rectangle of image area and
its implementation [J]. Computer Engineering, 2004 (12): 124-
125, 142.

L4 I Y B Je TR A L T A T
FE[I]. MU AR S5 R, 2020, 16(31): 13-16.

JIANG Yu-jie, WANG Shi-hang. Research on anti rotation of re-
mote sensing image based on gray level co-occurrence matrix[J].

Computer Knowledge and Technology, 2020, 16(31): 13-16.

(1] BHIR, J7 41, 2% B 3 T K BE 40 9 0 PR 0 450 030 3k 19 F

78 [J]. ¥R 25 1A 8., 2005(6): 9-10, 21.
LUO Ming-jun, WAN You-chuan, QIN Kun. Research on image

lection method based on improved F-score and support vector ma-

chine[J]. Journal of Computer Applications, 2010, 30(4): 993-996.

[18] 1 Bk H7. BP-Adaboost 4 il 2 ~J 55 7 72 b 4 ite - i B 5T+ 1)

N B FE[T]. BAR IR T 4L 1E
FU Qiu-xin. Application of BP AdaBoost integrated learning algo-

223, 2021(5): 94-98.

rithm in subway construction settlement prediction[J]. Modern Ur-

ban Transit, 2021(5): 94-98.

[19] EB%, RER, AEZEAR, 5. 5T B H WA R4 VIN 5

WU FHBFFE 1), o JB 4 B 2 4%, 2019, 30(4): 68-74.

WANG Lu, WU Zhi-gang, REN Hao-jie, et al. Application
Research on vehicle VIN code recognition based on logistic re-
gression model [J].

Technology, 2019, 30(4): 68-74.

Journal of Zhongyuan University of

[20] X 545, B5/R A J1, JOH. e T4 A o $R HEL  Android

AN AN (9], AL LA S T, 2020, 56(22): 74-82.
ZHAO Yu-xin, NURBOL, Al Zhuang. Android malicious applica-
tion detection based on integrated learning voting algorithm[J].

Computer Engineering and Applications, 2020, 56(22): 74-82.

211



