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Abstract: To construct a high-quality squeeze casting process dataset and ensure the quality of data-driven model, a
data correctness detection method was proposed to address the problem of anomaly data in multi-source squeeze cast-
ing process data, which integrates engineering knowledge in the field of squeeze casting and integrates multiple detec-
tion models. Firstly, the rule of attribute value of squeeze casting process data was constructed based on the engineer-
ing knowledge of squeeze casting, and the anomaly judgment model was established. Then, based on the idea of
ensemble learning and voting method, an integrated detection model of abnormal squeeze casting process data based on
local outlier factor, boxplot, and isolation forest was established, and combined with the attribute value rules to form a
two-stage detection method, which realizes the data correctness detection of squeeze casting process dataset from two
dimensions of engineering knowledge and data characteristics. The results reveal that the proposed method can improve
the generalization ability and effectively identify anomaly data in the squeeze casting process dataset, and the average
recall rate can reach up to 95%.
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Tab.1 Squeeze casting process dataset
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Fig.1 Two-dimensional data set with abnormal data
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Tab.2 Pseudo-code for LOF model to check the correctness of

squeeze casting process data
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DN S8 52 R A0 Ry TE 8 B RE A B 5 T S A T T 5 52 s Al
Sk AEH R REAE ; F R K OE B S BR AN SRR
N

TS BT A B AR HEAT R RS N S 15 B 4
A5 W B AR AR R SR TRl G B TR B a8 R Y
LBISCDK J7 ¥ Hl o fil A 400 38 1 2 /9 J7 2% CB LOF |
IForest . Boxplot FI 4 j 6 Il 452 A4 LBID 43 5l JF Jig 53 46
DU, I %55 bb LA 5 v A U AR
21 R

X 55 B B S AR 98 N CNKI, Web of Science
S5 HHI PR R I B TR 5 2 AH O SCHR P U LAY 4
N R 4E 4 (AI-Si & L Al-Mg & (Al-Cu & 1 Al-
Mg G 42 0 0 WAR 220 B2 5F T #% 1k 1 2084l 46 | 3t
IN2AHEAR P BN HAMA S AN T 2S8R E
W BE B R R O R B ) R L AR D 5 A
JUAT R AE J8 Pk (3% R 7 X OB AR AR B e KRR e/
B JEL B BE B 43 ) A 34 JB 4 A 8 1 (BT P o BE L iRk
9 B RN AR AN 4 LD, WK 5,

PEHE L2 R Reh 2N R R,
15 55 1 B A A RO A BURRE AR 7 IR R AR 1 O AR
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Tab.5 True value data of squeeze casting process
LGRS FeA G DETEWE/C JE/MPa PRIERFE /s BEHBRREZ/C HigiflE/ % w(AD/%
1 660 60 25 220 5.06 92.19
. 2 660 80 30 240 4.038 92.19
Al-Si &
164 690 120 40 280 2.527 91.28
1 725 90 15 225 6.04 93.11
2 730 50 35 250 7.21 92.92
Al-Cu %
76 730 80 30 200 6.44 91.95
1 600 100 60 250 2.99 90.34
2 640 110 40 300 3.63 89.96
Al-Zn %
48 610 90 50 250 3.45 87.20
1 650 75 15 250 6.32 93.05
2 670 100 20 250 5.73 92.58
Al-Mg %
44 690 110 16 270 3.66 97.20
E OGN B BRAE AR S B S IRVE SR o it Ah B 2 #6 MR R BEEBRNEEHND

BSR4 11 3 A o i B A O 1R TT BE S B0 U
Az NS G A T VR 4R LB Y R T2 A A P R
TR R T A A o ST R T L X
2 5 ) S 52 500 BIK st R B e AR . T
U, 3 Sk Bl AL B AR B N A ) s T R i R AR 4L
B 0 A, AR 1 A T S R O A D SR A

COFEALECE A i %36 5 09 T 25 K0 B0 Bl 4
AT AR B B AL SR R R R HE AT SR B AL
I3 3 1 B L A ke S B A AN [ S R R B 1Y
TF I 5 H 4 R O RIS L2 6.

() N My 38 A A0 & 4 I WA 4R 8
s B 1 T 2083080 A R0 A b B AL A At A ek 53
(an Cuf 4 Mg & 4 5O sl A T 2077 2 Can 2 [ 25 85

Tab.6 Pseudo-code for random abnormal data simulation addi-

tion algorithm

B AR AL 8 B AL n 1
WA EAEEE S
i AR A5 BN 1) S R O 4R
1: A AR BR8P S B AR 91, IR AR B0 iR 4k O
2 U SE 5 B L 1 0 R A S AR 1 R A
3: fori=1 to &5 Hit PR
4. BEMLGERUE P BE LG TR S
5 VAT IR A B9 e AR EE o
6
7

FEAE RN (e, 0® ) B BEHLECVE Sy a5 5 4 (RS Bt 1R AT 20 A5 S5 o 4L
A B FEAS A B AR A B R 1
8: end for
9 DRAT 55 B VR NS 1 5 B 4
7 REHBEEFHEER

Tab.7 Details of the abnormal data set

S N e ey EEiEES FEARL/ A REHEAB/A SRS/ %
25 59 T LB R LB SR R . —— - : -
Tob R v R A R 15 T S OB R R R O Al-CuZR A4 77 6 7.8
20k R B AU N 5 A5 2] 4 A R 7w R Al-Zn R4 4 49 4 8.2
Fly 54 A LA 7 ALMe R 06 4 : 2L
{00 4 RN S BROHE 4R 0 4 G B 1 B B HRE S WE 7, FTULE N B T HEBEE . R TR
800 -
[P EETery S 180~ 2008 e 400 st AR
760 e | 5 Bl == | I S R
F 1sol-
o 70 120 i\i 3001
= s = E
13 680 2 90 2100 Z 250
ﬂ):i 640 l}j ?4: Eé
' = 60 = ol & 200
600 20H 1501
0 1 1 1 ] 0 1 1 1 0 1 1 1 J 0 1 1 1 1
Al-SiZ Al-Cu® Al-ZnZ Al-Mg#% Al-Si%  Al-Cu®i Al-ZnZ Al-Mg#Hi Al-Si% Al-Cu® Al-ZnZ Al-Mg#H Al-Si%  Al-Cu®i Al-Zn%Z Al-Mg#H
(a) VRIEIRLIE (b) HLE (c) FRIEHT IR (d) LR TR IR E

B7 TZHFEEREREGRESH
Fig.7 Data distribution of key attributes in the process dataset
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W A4 B AT B A6 B, R B AL-Zn R A 4 50 42
FROREZR 37 MM R A B 2 Al 102,46, 338 SOb R AR
o3 P UE AL B AN TR bR BT R
T T 20BN Y SBC(E TR B 2 A A R X e
FEA AT IEBPER I , & 30 4 20 o REA (I 36 8, Hoh b
ZORFIER , RS, Hd AL-SIR G 28R E£ 1
FEAR 67 FIREAR 90 1 1% 1 T B0 I 25 AL-Si & & 4
0 IBCAEL 0 1T A 2 80l W SR i B0 HE oA 2 [ 25 5% T 5 1
T A AR RAR LR B R 851 . Al-Cu R & 4 Bdn 4
PR AR 46 1Y B TR R O i 4 0 (R Y L, AL R
SRR AR WY Sk S, A S B R Sk R B AZ91D
BEA AU TR 2R B BT RS T T . Al-Mg &
G A B E S PR R 37 Y R IR R U D 2 28 e MRU(E
PN

) 3 32 5 g A BRC(E D 7 00 A AR SR g
AR BCHE FE AR T LBI & 088 g 47 kRl 15
LBISCDK J7 i Ay A6 I 45 R W3R 9.

*8 FEREBMEREANMNSERE

Tab.8 Abnormal samples violating the rule of attribute value

X AH ) B0 4, U0 R LBY 4 BAsE R i A U 45
W10,
®10 LBIFERNEEFEAR
Tab.10 Abnormal samples detected by LBI method

B MR DelbiR HE/ RN BREBUA w(AD/ O FEAR
£ 45 JE/C MPa /s RE/C % bR
46 700 215 30 350 e 9232 -1
90 595 45 16 250 - 9272 1
Al-Si 112 720 80 26 175 -+ 91.76 1
A 119 685 150 135 250 - 92.34 1
125 617 85 45 250 - 91.36 1
139 680 100 120 240 - 9247 0
21 680 80 40 200 - 9219 1
34 687 100 60 190 -+ 93.04 1
Al-Cu | .
= 36 720 23 50 225 - 92.19 1
46 770 80 40 200 - 9.06 1
65 730 100 20 250 - 92.66 1
13 600 226 45 300 - 90.04 1
Al-Zn _
= 39 590 45 60 280 - 89.97 1
43 680 70 120 200 - 90.20 1
7700 80 123 250 - 93.05 1
Al-Mg 18 690 100 30 230 - 92.58 0
A 29 690 80 60 270 e 9427 1
43 700 75 16 178 -+ 9754 -1

selection

B FEA SRR WLIR/ fRIE LA w(AD/  HEA
TGS J¥/C MPa /s JEE/C % b %5
( 100 : 215 -+ 91.36 - 1

Alsiz 07 600 100 30 5 36
90 595 45 16 250 e 9272 1
Al-Cu®k 46 770 80 40 200 9.06 -+ 1
Al-Mg%H 24 645 60 45 280 -+ 97.46 1

&9 LBISCDK il FEFEAR
Tab.9 Abnormal samples detected by LBISCDK method

3 HMERLET®

Fil 25 451 B TR R A9 LBISCDK J7 1k 1 4 % 4 5K
S LBUJT i & K FE AR g R L& 11,
Iy BT 11 Al 48, LBISCDK J7 B 75 4 /A 7] 5 3 7%
JEE 1 5 BN B R R I A ]S ORS i ORI E R
SEIME 53 59k 94.43% .95.23% H199.37% , Hirp Al-Zn
R A S BN 3K PEAN 48 FR 1 R 100% |, i B 1%
J5 5 BE 8 A Rk U 5 I 95 3t T 25 500 4R vh g SR AR
T, A 0 S8 2R T it SR IR SR O R T A 5K
®11 FERMNER

Tab.11 Abnormal detection result

LBISCDK LBI
BARtk mES KR E6R AR KR R
/% /% /% /% /% /%

Al-Si & 100 85.7 99.4 83.3 83.3 98.8

Al-Cu % 83.3 100 98.7 83.3 100 98.7
AlZn & 100 100 100 75.0 100 98.0
Al-Mg & 100 80 97.7 75.0 75.0 95.5

B FEA GelEm MR/ (IR BRI w(AD/ _ FA
% 4B JE/C MPa /s WE/C % Frs
46 700  21.5 30 350 92.32 - 1
67 600 100 30 215 91.36 1
ALSi 90 595 45 16 250 92.72 1
= 112 720 80 26 175 91.76 1
- 119 685 150 135 250 92.34 1
125 617 85 45 250 91.36 1
139 680 100 120 240 92.47 0
21 680 80 40 200 92.19 1
Al-Cu 34 687 100 60 190 93.04 1
% 36 720 23 50 225 92.19 1
- 46 770 80 40 200 9.06 1
65 730 100 20 250 92.66 1
13 600  22.6 45 300 90.04 1
Al-Zn 37 640 35 60 200 94.72 1
ES 39 590 45 60 280 - 89.97 1
43 680 70 120 200 90.20 1
7 700 80 123 250 93.05 1
Al-Mg 18 690 100 30 230 92.58 0
24 645 60 45 280 97.46 1
# 29 690 80 60 270 94.27 1
43 700 75 16 178 97.54 1
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Fig.8 Comparison of detection effects of several methods before and after integrating domain knowledge
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