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Research on Abrasive Detection of Aero-engine Lubricating QOil
Based on Deep Learning
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Abstract: In view of the complex shapes and different sizes of abrasive grains in lubricating oil, traditional lubricating oil abrasive
grain detection methods have disadvantages of poor timeliness, small detection scale, low accuracy, and the non-ferromagnetic abra-
sive grains which cannot be detected. An abrasive grain detection method for aero-engine lubricating oil is designed based on the deep
learning. Based on the continuous flow microfluidic chip-based lubricant image sampling method, the lubricant image sampling system
is constructed; The image enhancement method is designed, and the image data enhancement ablation experiment is carried out, the
test accuracy was compared for the YOLOv3 model and the Faster RCNN model. The results show the detection ability of the
YOLOv3 model is significantly better than the Faster RCNN model after the ablation test. In order to reduce the false detection rate
of the YOLOv3 model after the ablation, the SER algorithm is proposed to optimize the model’s inference confidence threshold. The
research results show that the lubricating oil abrasive grain detection method can solve the problems in the traditional test, and under
the confidence threshold of 0. 35, the detection result of the YOLOv3 model can achieve 94. 2% of the recall rate and 95. 9% of the
accuracy.

Keywords: aero engines; lubricating oil abrasive detection; deep learning; YOLOv3 model; SER algorithm
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F 0.5, & P,>0.5, WLLO°, 90°, 180°, 270° 4% i 2R ffi HL
i % 8 e PR A

3) # Pi<C0.5 BRERE A5 A, MRG0~ 1 X [A] 43 A
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5 30 &

FEMLEZRAE P, FIWF P, 2HARTF 0.5, #F P,>>0.5, NXf
T 84T Mixup $:4E .

(4) # P,<0.5 5 Mixup BISRE5 T, K4 0~1 X[l 43
YR Py, FIW P, & KF 0.5, %% P,>0.5, N
XT3 il B AT Mosaic #4E .

5) # P,<<0. 5 5 Mosaic Y§iRZ5 0, Hir th B 58 5 19 18 9
EE

X F R A FEHERBL R, Ay BIHEAT T 7 0 i BR BL
PRI AR A . A mAP Uk H BRI R 3 AT
H . A T R SR R R R R R

# 5  Faster RCNN H4if 14 5 1 fill il 4o

mAP/ % AP/ % AP/ % AP, /%
e 83.3 72.1 85.2 90.5
HAR 1 84.0 73.0 86.0 90. 6
AR 2 83.8 72.8 85.8 90. 7
AR 3 83.2 72.0 85.2 90. 4
R 4 84.0 73.0 85.9 90. 7
a5 84.3 73.5 86.2 91.0
AR 6 84. 1 73.2 86. 1 90. 9
R 7 84.3 73.4 86.2 91.0

6 YOLOv3 %4 14 5 4 mil izl 4o

mAP/ % APs/ % APy/% AP, /%
F iz 81.9 69.3 83.5 89.8
AR 1 82.6 71.4 84.2 90. 2
AR 2 82.5 71.2 84.1 90. 2
HioR 3 82.2 69.8 83.9 90.0
R 4 83.3 72.3 84.7 90. 6
R 5 84. 4 73.8 85.6 91.1
AR 6 84.3 73.7 85.5 91.1
g 7 84.8 74.4 86. 1 91.3

AT Faster RCNN H& #5030 25 5, X F 544
P B8R 7 k. €% A Mosaic 12T & K. mAP &7 T
0.7%; Mizup £F R Z; CurMix A T+ X T E1G%L
MR AL, B 5. THAR T ERIHRK, mAP kF|
T 84.3%, I 1.0%; 6 MAFITERE SR, 7 H
T A . HIEXSF Faster RCNN LAY, d5 £E (1) 5004 34 5%
TP 5 B, BESRE + Mixup+ Mosaic & 7% .

AT YOLOv3 38 i iR 25 51, a4 R B die
BRR TR S TRk 25, o Mosaic #F- K, mAP
BT 1.4%, ERE . Mixup, CutMix 3 38 J7 ¥ 42 TH K K %
%, 43I 0.7%. 0.6%F0.3%, %tF EQEIRR A5
HE, FOF. BoMAG T RIRAILT—E. mAP 55
Gy BERTE 2. 500 2. 4005 BB T B E R T IRE . mAP 25+
2.9%, BEIXF YOLOv3 #%, g% + Mixup+ CutMix+
Mosaic IR E0HE 1 58 77 238

T —Hr B YOLOvV3 #5, [F k — B Bf Faster RC-
NN BRI AEFE RPN 2 DL KGR A ML . Faster RCNN 2 i 5
HC LR T BAF Mz ORI B BB Faster RC-

NN B AE fi A TR B 20 45 7 8 B AUIRE 1. 026 /) mAP
$ETb. Mi—Br B YOLOvS 75 B ££ B G 80 241 5 J7 58 7T 3k 44
2. 9%y mAP By T},

SRR WIE A B3R 7 A BRI RA G TR A
o T WA R RO AR . R TR R ARE . TR
MR RAERE 7, (L RE 48 1 ) B8 2 A RAR AL T 19 35 ol s
ki H 28 ad B GBI 415 J7 25 19 YOLOvS #5885 2
5T Faster RCNN &

R 1 T A R I 32 AR U B B R X L 1A A A
10 FroR . f BRI 0, o A AR BOHE 185 58 5 1) 9 4 A5 0 45 2
Y PO AL R A A AR, E S T AR A A SR B WSt
AEfES

Faster RCNNASZY ¥ 43R AT )5

— A
Wt 142+4
0.7t
0.6f
ost |
KO |
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0.2} e “‘*"If""“f""j‘"f"\-.w“ ’
v 1".'
0. 1_ 1 1 1 1 1 1
0 10000 20000 30000 40000 50000
AR E
(a) AW AT /5 M Faster RONNARZL 4 2k
YOLOv 345 21 - 03 34 58 5T J5
L | — HHE
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1 1 | 1 1 1 1
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EARWREL
(b) HHE B3R AT )= FIYOLOV AR5 %

P10 00 1 o i A Y 4 % X e

38 3 T T R I A T AR 1S B AR B AR R ] TOU )
AT EFZE (Recal) DLk (Precision), %
7 R

2T AR B B SR S 0 A e R RORS i R

i H /56 LR
Faster RCNN(IOU 0. 5) 91.5 53.2
YOLOv3(IOU 0.5) 93.2 46.7
Faster RCNN(IOU 0. 3) 94.7 70. 1
YOLOv3(I0U 0. 3) 96. 5 64.8

T IOU B{E K 0.3 8¢ 0.5, YOLOv3 f5 &I () & 1] %
5T Faster RCNN 281, {H Faster RCNN £ B 1) K5 o &
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PRI IR . S5 TR A ) ML AS A Sl AL e A AT < 21 -

BT YOLOv3 #8 , #£ IOU B{E K 0. 3 Bf, YOLOv3 7K
4 ] 5 FURS R B R s, 43 ik B 96. 506 F 64. 8%,
YOLOv3 i 4 [ 38 2 20 2 AR b rbnifl, X THERAR 4
B BEREME T 22 m] LAIE ARG I o L 2 A5 R 8 A 32 2 AR
SRR T0. 100 64. 8%, AT ik 2 W BRR E RLAE . A
WM B — 25 X LR A R AE HEAT BB, A RE IS B T A S
AR .

4.3 SER &%

WL B, RERGEEASTEEN
YOLOv3 #2BUKE B Ak B #8 i1 T Faster RCNN #8781, {H ]
ISR 5 A YOLOv3 #87, #£ 0. 05 BFEBE T . BARW
A [ SRR 2% 43 3] R 96.5 %6 F1 64. 800, 64. 8 % I Ak fy 3R
A%, NREWE R DA T, R AR KR R IR R E . BT
BEAS SCEE M 25 & 58 = b ] (SER, synthesize error ratio)
BSEAE YOLOVS BRI HERM B E . HIWBRERZ
T R ATE (1 [ I 8 o B 22 1) % A RLAE

E11 i B R AE 0. 05 B 15 B g {5 175 50 F 350 0 ¢ 4]
. H BRI LE B R R A IR 4 . TR U 2 A 3 il B R A
DU 7 [ 48 R A 4% (R IE 76 45 B A T B, IR T
VR A A 00 AR SR A P [ I O BR B 22 T 1Y BB H AR AE

B 11 E(E R AN 0. 05 H G 38 3 I 4% T K 451

A BFET YOLOv3 #5814 44 8] 5 5 8 8 46 ¢ R A2
et 12 fros. s 12 W, B AR AT, A mER
ThE . RO RN, SO IR AR 3 i KL A IO A B 1
JEREAR, SIA TR Z MR Bk H bR HE, 68 154 0 R BT
(SN L N e 7 3 N P - A S = - A R

YOLOv 3#RAY /LA [\) F AR BE T 10 43 Il S R ey

100 |
90 b EEJEES
80 F
0
60 -
50 -
40 -
30
201

LR ES

1 1 1 1

0.2 0.4 0.6 0.8
BEfEREBIE
B 12 YOLOvS R ) {5 B2 T A0 A (0] A HDRS fg 56

B R HARAE B T A 4R T E B, B LR T R
BAT 55 o B, G — A AR E M, Lk
ARG, A5 8] — B 80 TR

ACPEH T SER Bk, DAL AL AL B HE BEET 19 43 1] 2 A
R, Wk 8 Fran., X F W mBRIIKE TG . 0.,
) AFAE N AEARE SR HARHE B (bysbys. .00, s IR
e ¥ Tl B R 4 FH YOLOv3 B U 3JE 47 #E 2, Y B 4 3
Jo B BRAE . T T R e 3 AR B T A S R TN ATE B B A
BEEIFEHES . 1T B Br(bysbys. .. sb,) s A T AE X 5
M B G EARIE N Crlersesn . se)

%8 SER

%4 % : Synthesize error ratio

AR Ty oty s oot BAG R HES HARHESE & R
Br (b sby s sb,) B Crleivcrs... vc,) i =0

it - /N SER H X R 09 B A5 B C..,

BB L ABRKER » AR R G, ..
SER(SER, .SER,.....SER,);

HYE 2.5 Br F1Cr I 4R 2145 R HEAT38 D7 . e B b, Fl c, s

HBR 3 HRAE H ARHE 5 BIUAE 19 TOU H) 51 2 75 3000 15 6

IR B R =1

R I4R =0

o BR A ARE T o B  WT Y A B3R Recall, UL ORS B2

Precison; :

,r,)

Recall;, = 7sum](\]RT)
Precison; = umiRr) (Rp)

i
B 5 RS T A M RT Y SER, .
_ ((1 — Recall;) X N+ (1 — Precison;) X n)

SER; N
IR 6 FIWTIR T DI 25 A R A, 1+ HAE SR 2~5
HELH.

PR 7. T4 SER PR BARME R RG] -
Min_index = find _index (SER ,min (SER))
B 8 A Min_index Xof N1 A5 L B {H -
C., = Cy[Min_index]

XTI AL I . R AT SER Bk, FHRE AR
JEN ) SER AH, fe/Iy SER {H XN 85 B BRI O 22 B8 44 [m] 3
IS A R AR IS 1) B AR 19 B A B L

Xt SER; 93+ 8 2~ kA7 0 i sl (9 Fros, 1 —
Recall; W52 Pr R SCONEAR BE D o I, 4R Y s A 1) P R H A6

HE 5 2092 BRRRE IO EL 26 . (1 — Precison,) X ﬁ {115 B 2 S

EARE R o) WL ASERL S 1 B kL H AR AE b7 B9 H AR E 1 1
R, Pk 9 X A0, HESHE RN, R mK
AD P, mX A mH, e —NEEEE. JF
A R AR, BT A3 20 Y [ B (5 N SER i, oK
MAFEGEETH SER HiF, T4/ SERE, B hiE
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530 &

o R AS R E bR HE (5 0SS R H BRAE I N R, B
W) SER {H, Uh BT ™ A Y Ao AT iR A6 55 kL B bR HE B D, 5
AR, Wi/ SER HRBIERBNEFE C., . B
MEFEE N C,, B, YOLOv3 55 A6 A5 46 R H AR e 5
FLECE R H AR AE L 3 B/, TR E & 5 R R

AU
SER, = (I*Recall,-)+(1*Precisoni)XNL (€D
Recall, X N = Precison, X i = sum (R;) (@10D]

SER, — Recall; + Precison; — 2 X Precison; X Recall,

Precison;
1D
it YOLOv3 K RI7E 3 i s I 4o 42 b A 8030 45 2R
AT SER BT R A BAGE T SER %A . HR Hif/h
f. YOLOv3 #ARIFE AR {5 B T i SER {HUnE 13 Frox,
BEARAR L-conf hy 1-EAFBE . HPAbRA SER . BE EIEE
ik, SER {HERMEE TR, A (0.644 5, 0.086 8) Mix

{£/ SER s, BI5HE N 0.355 5,
YOLOv3 SER

1.0F

0.8

0-6p E 150, 355 5

SER

0.4r

0.2F

0 0.2 0.4 0.6 0.8 1.0
1-conf

& 13 YOLOv3 BRI FEA T E (5 B T SER B

2 YOLOv3 SR/ B {5 By 0.355 5 AF, EUAG /MY
SER {} 0. 086 8, >R MATEAEE N B RIRK 94. 2%, K
TP M 95. 9%, A I 4G A BB L I ARAE 5 2092 B kL H AR
HE (4 E 2R Hy 8. 6805,

XeF T Yl A U 3 4 B AL B B B B4R . 84T SER Rk
Begs . 14 D A T000 A T Ik SR AS [6) A5 R B AT T30
GV I R AR . R Cad) PRI AT Sl o ) 3 ik B 1Y
FRTUI = 3B R, (b B EAS R 0. 001 B 1 B 4
W ES . (o EREBEAFE R 0.05 AR B E %, (D
P& i F SER 4%k 1 0. 355 5 1B {3 B (1 85 e T &1 4% .
ME AT UG WA SER Bk BEEZ)E, YOLOV3
R A M 2 B T A A A R AR B L E AR AE L B 1k R
T 1R ) B A R U T AE A ) B kL H AR AE . FT WL SER Bk
BRI T YOLOv3 L5 (1) 7 [ R AR K
5 4RIE

WS SCHRE T3 TR A T W A A sl AL T T S ok A U
Frids MG T IZ AL RE AL 75 0 0T v B R R 4, E
S T T T A A Y R AU U0 SR WS T T I R A
Bk, BT HE RS EGEE, TR, )

(a) (b)
(c) (d)

P 1A Ao T PR i PR RI A [ A5 R I T A N kL [ 1R

i SER (AL IEA SO R IE T YOLOVS B RITE 45 FEY B 45
FEBIELS  F AT B 1) 4 [l SROFORS 8 3 AR SCHEAT 09 9
JERLAE LA I 52 50 Jr BR T S e = 3R B b, R BEEAT Bl I
s A WIS AT 9 5 A AE 552 B O R 85T A ST
PRI B AR R LS I . AN A Se R il i 7 GPU |
W8 YOLOvS 5B JB L 8 A7 W04 19 by 3 90 il s 7 2
ERUIERE W R34 NI E NN AU AR o - S SR B S
PR AR ALES R L.
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