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Quantitative Detection Method of Inclusion in Aluminum Alloy Ingots
Based on Machine Learning

LIU Jinlin, DU Qungui
(School of Mechanical & Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: In order to solve the problems of low efficiency and large error in manual detection of Inclusion content in cast
aluminum alloy ingot, based on k-mode detection technology, a detection method combining convolutional neural network
and error reverse propagation network based on machine learning was proposed to realize quantitative detection of
Inclusion content in cast aluminum alloy ingot. Firstly, the convolution neural network was used to qualitatively analyze
whether the K-Die fracture surface contained Inclusion. Then, the backpropagation network and sliding window were used
to extract features and calculate the Inclusion content quantitatively. Finally, the non-maximum suppression algorithm was
used to optimize and post-process the detection results. The results show that the accuracy of the convolutional neural
network is 85.88%, which can accurately judge whether the fracture surface of K-Die contains Inclusion and calculate the
Inclusion content of the fracture surface of K-Die, so as to meet the basic requirements of actual production.
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(FHIEH K )10/2021

mjsw . §$M$47M%A$%€E¥¢mm31#ﬁwﬁ% «847-

B T EROR A EMR B B ARG K BT O R
FH &M M2 M4 (Convolutional Neural Network,
CNN)“EH iy K A7 O R A & i, 8 A & il BiAS
HOR IR ] 45 51 A W AT — 25 AR W Bh
B ER L — % B K AT 4 K B 0w, g —
A A B O R AT AR AR 4R B K AR AE 1 A
% 2% J& 1] 1% #% (Error Back-Propagation, BP )"/ £ ¢4
HHTEAE O SEHN FRESAED , BAHE
FUSBOI 1, 25 A 2 ) 4k 2243 4, B 3494 50 84 Wb
BERGE Si-9=8 RREE-WPo). WSESET T o8l EAE i
Ja Ak B, FE A E A A EE R KAE WK E %
(Non-Maximum Suppression, NMS ) ® 5 B A ifif #1 &
BB AHE D, it RAHAHDBOHTTR & #
FORIEE SE 018 5 5 XIS IR Mask . R 4%
Mask F| F fc /NS0 43 56 T2 45 31 4% A e 0 X3 1 B4
(7 E B R T R I 5 SR DA R K ) P AR R A
GUI L,
31 BEmmaE

PR Tk P 4 B 5 PR o0 1) | PRI AR 0 T N 8K
PR AF , H 32 B MR ERER b S50 X
TURAE B, 8 F HRBUREAE 148 vy 4G ) %) o ot M 5 T
S
311 E{gsE

B SR 2R 0E O BRBH | R i R T AL H BRI
JKBEAE B , A FI F 5 S 0 o s 4 0 5 B0 b >R FH 3R
OB BRI T Lk @ Bl T RE S,
Ao For &, 465 SR RS, R T o bk
M)A, R OGRS R A 45 4 1 o X k47
FEA

AL .

Stepl: 7 g FFTE IR , 56 A 75 Y6 IR, #HHL R 4 3
FESC IR R a0 4(a) s .

Step2: XA IE NI, FFJa 5 OL IR MHLR £
IR R A 4(b)FTR

()R E %

(b)H Ot U B &

(d)2l 15 5t O &

Step3: L ——— 4(b)1&ﬁhl{él‘63\
H B —(EHE WA 4(c)fin, OSTU B L) 2
A R 0-255 B ERME T, 4 it BARF T A
TTHEREREAW T 2, R/ MHETX&EHE
YERRARE, HMXERARN.
o=, (00w, (Do,
He o, Bmfe/MEBIALB IR o0 B RIKT T W
BREEEGWNHZ 0, BT THREESHFT 2 0,0)
1w, (£) 73 0 A2 X B AN B, — MR BN 1
Step4:F| H E 4(c)k X} &l 4(a) AT EER 5%, 15
FanE 4(d) Frs B4l sl E
BIZE 4@MBEERN x, EA4COHWEBENRN
2y, B AR RN x W g F oy a3 IR RN .
X1, x57=0
|55, w255
Step5: >k F e /NFh 32 50 T K i 11 AL 4(d) H R
B ok R AE 4(e) s A K AR 0 A,
3.1.2 lﬁl@l‘hﬁ?ﬂi '?%SU‘EW‘?&

%E%E’JHBTTAHHEH%H’JQHV%E{EO #éﬁ‘i’,ﬁ;ﬁ
PREL N R A R

B sl
207
e

g, y)= =

Boba g o 2 X MEA RS, V&l K
B OREA /D MidLae ) W 2 —E B AT
Y2k, PR A A ERBY g 45 2 F 77 500, X 4]
BT RIE R, O K BT DR A FRZ N IEAE
A A G K BB OREARFRZ N AREA , R GG B
R 85 5k, IEREA 52 5K, A kA 33 7K il 8K
i 1 950K 85 K ERY™ TN 935 7K, 935 TR AR 4%
7:3:1 B HL B2 R U R 0 E SR A A 4R o p A
AR SR R IE SRR A Ui — B, BAEA BAT R
P,

(c)OSTL(ﬁ: fﬁl

(e)fx £ KA I O /&

K4 EE o E S
Fig.4 The process of Image segmentations



- 848 - FOUNDRY TECHNOLOGY

Vol.42 No.10
Oct. 2021

32 EFCNNEHRHENEN KEHOSES
& ¥ o
3.2.1 CNN 5 Bl 28 [ 25 45 1
A TP 28 ) 2% 2 — o iy A5 1 o 0 O 4% | HL A
FRATERE WARE BIERE 2EEE, 2
o i X i 4] PO £ | BLAY f¥) CNIN 46 45 Lenet5!" 111
Alexnet!™ | 7~ SCE HIH CNN g5 & 5 s, 15

32@1498 X 148

32@746X 72

Xt KR O R A AT R W,
3.2.2 CNN %02 0 45 111 25 5 45 R 7t

CNN % Bl ph 22 W 25 Il R 45 1 th 4 £ Bl iR
WEHFED A 4R H R FL 550 MR 5568
FEATVEHA] . TR W R B A T X DA BAH R AR RE SCHn P
6 i,

fr &% (precision), H [Fl% (recall).F1 154>

857088 OUTPUT

INPUT 2@748X74 64@372%36-
1500 X 150 e
u 3 T
CONV subshamping CONV subshamping FULL
RELU 2X2X32 RELU 2X2X64 connection
2@3X3X1 kernels 64@3X3X32 kernels
filters filters

&l 5 CNN W45 454
Fig.5 CNN network structure

TR 9 B

Confusion Matrix

Actual

Predict

True Positive(TP): L [ ¥
True Negtive(TN): ¥ [ ¥
False Positive(FP):f fH £
False Negtive(FN):fE [ ¥

0

P 6 iR v o
Fig.6 Confusion matrix

(F1-score) LA K MEHf % (accuracy) () F i5 R F iR .

R T BRIE S A A S, N PN R AT RE
Hiu )N A 5 DT O TR B R AL B R, iC CNIN i i
Wi TR SRR pl, SRR p2, RA Y pl
KF p2 Mt o BF A K LW 0 m A E A S
X531 T LA 5 K HE 6 4 8 1 A A 5 ¢ 3l %9 ) e
2, Ay 2 R K (M a=0.3) .

P . p2>p 1, W 1T 2

MOEER S ) o B SE

B 85 gk Mk 4 o iy PR R AT KBS DRI 11 T
5&E BT, o 52 SR IEREA 33 sk A kEA, AW

SRR | Rk 5 77 T CNIN G 0 425 S (19 46 50 48 b X 1L n 28
TP+FP 1 FFR, g | AT, 0 T A i 7 0 kA
recall= TPTJE;N WA RN 82.35% , A% SCHE H 30 91 7 v HE B %
T urT— 85.88%, /5 T 3.53%, itk , 42 s A9 1 5 ik 2 A
P o= precision+trecall HARN .
accuracy— TP+TN 33 EFBPHLAMENEOESSEHE
TP+TN+FP+FN 330 HEHEHE

CNN M E M &M ARE 4 (e) FinE
&5 A TG FUR RS 858 — 47780k 1 500150, % i
#8324 one-hot #% 19| B R fi K A 28 BI04 i
HA . K 850 K EIR (628 sKIIZREER 212 FKIGIFLE )
Fai A CNN #4748, b IEREAR 520 5k, fabE4R 330
ik, 2t 20 ARG, IR 2R TIIE) 0.02L4 T,

FRAE SR BUSE W 5 7 DR LR R R, AR5
F X e B LR M S 7 1, SR EU R A (F
BURBERRZ I ARAE , SRk UK BERFAE AR FEAFAE |
LBP FEAE A B 36 Az 4 B AR AR (1 94 /S FEAE 35
SYREARFFIES BN R 2 Fim (BEARSR S 1~3 Nl
W ,4~6 FAERE A M),

F 1AMHA T ET CNN &L R & TR L
Tab.1 Comparison of indicators of CNN detection results under the two methods
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Tab.2 Part of the sample characteristic parameters
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