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ABSTRACT

In the modern aviation industry, the traditional hole detection method has played an
irreplaceable role in the early maintenance of aviation engines by its intuitive and easy to operate
characteristics. As the industry gets bigger, the limitations of this approach become more apparent.
At present, the detection of internal damage of aero engine mainly relies on the inspection
personnel to judge whether there is damage or defect by observing the images inside the engine.
Although this method is intuitive and effective, in the actual operation process, due to personal
experience, visual fatigue and other reasons, the judgment of the detection personnel may be biased,
which brings a huge risk of human error. Therefore, it is urgent to seek a method that can
effectively improve the detection accuracy and detection efficiency.

Therefore, this project intends to use deep convolutional neural network to realize the high-
precision and real-time recognition of the internal structure of the aero engine. The system uses
deep learning algorithm to process complex image data, automatically identifies and diagnoses the
tiny damage inside the engine, and realizes the automatic analysis of the borehole image. The main
work is reflected in the following aspects:

(1) Classify different types of injuries and accurately label each injury site to ensure that the
trained model can cover all possible injury situations.

(2) Through the improved YOLOv4 network model, the existing image labeling data is
trained. Combined with the characteristics of deep neural network, the object detection in complex
scenes is realized. In this process, we need to constantly adjust the parameters to ensure that the
model can accurately determine various types of damage.

(3) By adjusting and improving the training parameters, we further improved the average
accuracy of the model, and the mean average precision MAP (mean average precision) was about
86.6%.

The test results show that the detection method presented in this paper not only improves the

accuracy of detection, but also greatly reduces the labor cost and error rate.

Keywords: acroengine, Damage detection, Target detection, Borehole image, Fault diagnosis,

Deep learning
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Mo MR SRR AR, Mt ERER, Jhetdh 7 dis.

FE RSy, MR Z R, KR PR ay . BRI (L. 720k
AR, I R SR N — R P K AIEAINE, e SRR IR AL, PR
AEUERFEME CEMED B RE (RRED « Sl miatL, AR AR S 211
FHIRHE R, BEW R RAAE B RG> — 1, BRI S m B AR 2 I 28 B R0, SETL
B RFE
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5 E RS ST BB LA

—RAELLT  AEHACE, HACHEIATI A N ANEE XS TERE
WAER, AR BB AE B AYERE s a] N B —f5 . IAL)Z M S8 1 —FheE v 7 (8 (-7
B s K EIEH .

AR (2.2) FiR:

x; = f [ﬁ}down(xi"l)+bﬂ (2.2)

X', B Ak R R K § NMRHE R, down() BIHAL BT S, BN EH S B 1E X
)b 1 B .

223 TEEEE

SEAERE (WK 2.6) WM TR G M KR, HAEH S 584 M4
FAL, ELHRERUE M B AE R A e AR R B  T SIS O 2 Y R T
i, R R i — P s e R — 4 i, SRR [0 SRS iR O s AR 2R R
AR TEHHT T — R LM AR B, 15 H 0B S SR A S 0E 2 A 1R 41
LG O R RPN e R T AN (2.3 FiR.

D = f(wx + b) (2.3)

Hrp f, w Al b 2R e e R MBS R 8L BUEFERE, WEE; x A1 D ok
SEEPPEIE DAL (T

X
X/
(\‘P‘\
;‘;‘

D
W
PR
0§

output layer

input layer A=
. AR
AN hidden layer 1 ~hidden layer 2

K 2.6 =R ML
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2.3  ET one-stage BB FR&ENIE %

one-stage HIAMHLE]/E SSD. YOLO #4155, HAF R %7k A EiE E, 7l H
AR R AR IR S 2 () A b, AT HE =7 17 o e % o
3.3.1YOLO

YOLO H At i i % o S 415 E b DX 458 1 T30 5 A 100 288 S T A 5 4 F R AR
YOLO J7 51| ) FH B — il 22 X 28 ol W AR 1) 120 3 2 8 I MR kAT TR0, DT I e 0% A 246 S 3o 24 i
AT EASRI o FHFE 7= A ki A AR SR R TR1 b, DR A D 56 45 3 T ARR 4 g, 3
Rl 5k 45 FPS. /R YOLO SUykaefs 78 8 G b udi i F0p) Hh H bR, (H2XS T —Lefi
NI R, AR MEREAT HEWR A E AL, LR R A& 2.7 P

445

s n 28,51 a )
\ 14 7 7 - -7
" 56 Y JJ i " N
28 B J
7 7 7
0% »

256 52 024 2. 1024

“|
3
B

K 2.7 YOLO M 24aky

3.3.2SSD
£ 2005 4F, YOLO Sid4@ th 1R 4F, Wei Liu 822§ 1 SSD 53k, 25k T
YOLO H A6 Il 1 FBUFe A6 Ay [ml U 1) L ) JEAE, - 4545 Faster R-CNIN R ARAE EAE, 253 7 2 R

1 E AR I I b 3y SR ERAREERR s T YOLOVL A6 B b RHE B 3E T F,  SSD
T 2 R AR FREE B AT MO A, DL BUXEAS R O /INAR I A ok, RS
FFAE LSRN RO AR AE B B FH K B AR BRI, PA7e o FIFASAEE S, SSD R 2% 25 44
i 2.8,

Extra Feature Layers
VGG-16 A

< through 9‘1‘!5-3 layer Classifier : Conv: 3x3x(4x(Classes +4))

\‘\ \ K\ R Classifier : Conv: 3x3x(Bx(Classes+4))
\ D \ \ ),

74 3mAP
59FPS

SSD

CERANEN Conv: 3xx{4x(Classes+4))

Comd_3
lc 21! \
Cons 2 [ AN
\ % \ )
\ \ \. N\ \{ Nt \¢ Cont0_2 Comvt1 2
\!3 \ \\ H \ 9 N\ \s | -
\ \ il AN | N
\ N2 | \ 124) \L1024] e e Kool

\ 104 J \LZ6
Conv: 3x3x1024 Conv: 1x1x1024 Conv: 1x1x256  Conv: 1xix128  Conv: 1x1x128 Conv: 1x1x128
Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-1

5
<
/
/

‘ S E
| Detections:8732 per Class |
Il
V
[ Non-Maximum Suppression |

K] 2.8 SSD M4 414
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2.4 EHT two-stage HIEIREINE X

PR B B ARSI (two-stage) , B4 B X, BAFETEBELTIHAIME, H—0
BR S N R MG AT X A i e HE 58 B BU 8 I B AR 0 4 W 2 BEAT RFAE SR IO 43
RERRIEERER | R-CNN B Lok, BB B HARR I i3 80 T IR, Hard
KB ANPGE R-CNN.  FasterR-CNN. MaskR-CNN 252 Fh ik . WU B H Ankil 725
SR B H AR I VA R R X BITE T e AL X IR, R FXFRHEXIR (5. W
O JEATIRE, ARG X B AR TR e A, R EETF R, KRS, (HAT DR
KRR S RAE R, HAs e an &l 2.9 Frs.

WAER [ ERt [ BR[| ROLpooling | 2EEE

P (B (X I I::> X4 3
CNNAFAE ERHE

] 2.9 two-stage 5 illFE A FE

241 R-CNN

XS WA ZE R 2% (R-CNIND SEEIL 1RFER JEE 27 > BRIz F 3 F sl SR, R
ZEfynPE 2.10. R-CNN 4RI H Selective Search 5k R IFAE R — RAIFEX K, H
JE AR AN B BB AR R AT 0 4L, W B R R SORRAT TR, RS AL R R et
TP A, RGHEA TG I RGN WIREAT A MRARERIR R Br 274 2000 Mt
HE, IR R A R B AEIE N CNN BEAT B AR, SR IR AE, T8I SRR AN SVM X 1
BT 732E. R-CNN B 20 AR SVM 733685, A7 FEa A2 A i fige 126 [X 42k
BEAT IR G, BB ARNCEAH] NMS(Non-Maximum 11 Suppression) X
B i T s DX I E AT e, L BB A AT 70 s v VMt X 8k, 55 FL AR i ade [X kAT
AZIFEE 10U TH5, 4275 K BOE loU BRME, H 10U KT BRME ARSI 45 R 3t 47 4a 1

sS 2k 227%227 SVM
Input R feature
Image Regwn AN map
= Proposal NN nE
=

B 2.10 R-CNN H b5 t& s 2
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2.4.2 fast R-CNN
Fast R-CNN 72 7£ R-CNN ZEfiili bk J&, H 56 H Selective Search A= i 2000 Mg ik [X 2,

FKe B 3K R R ) MR N A R 8 I 4% R A TR HE A PRSI ol i THT A B 0% 3 [X 35k
HIALFRE B LS B RM2  2% i Ja — 2 BRI L, R Rol AL JZ R AFAE & L & fis ik
DXICEAT B MR ARAE A N PR 328 DX 3 N A T 2 I RS RN TRD, BRI A Softmax
F1 bbox regression e 7 FAMR LM, HAMWWME 2.11. 5 R-CNN AHLEL, FFEK T HBMA
MM TR, JEHMAMAEME S RKEN SYM 7028, AL TUIZRdRE, Bk 7l
ZRFERT o

Outputs: bbox
softmax regressor

Rol FC FC
pooling

layer ﬂj_ﬁs@

Rol feature
vector

K 2.11 Fast R-CNN 44 454 ]
2.4.3 Faster R-CNN
BEXS Fast-RCNN 2% i 3 T e M 48 2 fO 98 2O RRRE T A o R I AN I ZRFE I 1 1]
A, RenS & AXHRIE R-CNN #E4T 1250, % RPN (RPND 5] AFIHLE R-CNN f25 1,
BARAE S Selective #8255, TR 1 fi5ide X I3 A2 Bi# B2 . FasterR-CNN [/ 2%
SR 2.12 o MZE AT LLE Y, BUGG Seiliid &7 AR — MR DY, SR )5 PRI
fEETERIA RPN 13 2] — MG IEFEAIRESE, SR FEAT DK R-CNN A2 .

Outputs
é Backbone s bbox regressor
| [ Coontne |
JEONY: Rol Pooling FCs D
ITm/r— | Feature Map |——————— ’—- FC
i s BB S softmax
e R

Region Proposal Network

2.12 Faster R-CNN X% 45 1]
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25 EERREZFISLEIME
251 BHEHETERE

TE ARSI B 4Nk 2.13 Fis.
*2.13 AR E

W& AR Lenovo Y7000P

SOBEEE 12th Gen Intel(R) Core(TM) i5-12500H  3.10 GHz
M7 RAM 16.0 GB (15.8 GB "] 1)

ARG KA 64 PLERIERSE, FT x64 HILHEES

252 RHESERE
WAIASERC B WK 2.14 TN o
R 2.14 BHAERE

BAF A
Python 3.9
Pycharm 2022
Visual Studio 2021
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P 2 LR R S A R Bl i G S0

2.6 ARE/NE

FEARFE S, RATTEAIERY T B EER R R, X — D ARTRE. B
G, CEE LA BRI A PR IR S K, o 1B AR A ] ) T B X 45 35 AR
FANA SR VR S 2 S 450 o 42 ok, FRATIRAN T 18 T 1 X 26 1) e AR 5 4] B T AR LA o
IeAh, AREILE G4 1T one-stage [ H kel %, G PREIE K EIRATAR YOLO
('You Only Look Once) £1 SSD (Single Shot Multibox Detector) . iX %7735 F T BT
W EARALE, AR UG HEAT T B I DRI o 38 50k b 2 A3 8 B0 1) T A Ji B SI
LA, AT DL A R IR A A T AT R O R AR R I R

A5, AREFWIEG THT two-stage FIFEMIZE, 1 R-CNN (Region Convolution
Neural Network) . fastR-CNN F1 faster R-CNN. XS RHE— DA NEA IR, RV
RUSOREANIE CAR H AR . SCE VRGN 20 13X L R i Boer U 25 55 A [0 28 S5 K A e A1 T4n
A Wp [) AT AR A S L

RIE, N TR EH TRV BT A B B, AR EIEA T ANR L o) SRR
Bio XML T — RV EIRAELL . FOIZAER DL A Fe bR, R0 RAITR
R DA R B0 S0 RN B SRR R S A o XA I SR IR AR, TT DUTE e S AR
R H PRI EOR ATV BERE,  JRAE SE B P AR B A A
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$ =8 LRGSR AL P

F=F FLIXEGRKE ST B
3.1 3|5

FLEREUG A& — R IR I 2 A8, DRt ekt B A o R AR e 7E KBRS
— R LR B m R B B . ARG RS R, mTHE. B
RS2 R, BEBAEAESEBIZ MRS, SEEBGIE M. XN E—
LR AL IR T vE S e BT ,  DUSE T S PR DO R A5 0
3.2 MEAENENSELE

Lz RAL— M ELHE KU . RS RGeS ARAC LR 2 ANy o 2 R AL I )
TAEEERR. @k, SRS LA N, fAIESEKENZeRRE.

L2 R BATLAZ o 0 P ) i s SRR g R LA D T £ SR«

R AL, R TR S e, PR AR BRI, SR A B,
AT R FEBUR NG, FEWUVAIEZ7 5145, Bl 3.1, BRI 1E AR SR A &
ZE, BEERRBEAN TAEVERE . AR T G2 b e e i, SO 7R E A,
TEAK L S R AN R S R (R [RIE, IE B2 B0 I E . S55FAR, EANLE T2t
A SRS R R B e AR A, AR PR SR B e S AL A R T B RBD
AT SERRER R AL, AN TER RSN SR e B O R ) s
INFGZ), AL BRSBTS OEAT IR, 1 LG 252 Bk | <0E
HRERET (FOD) FIRIDHIAZM, PRI ESS 5 k3, Fow DL an i 3.2,

K 3.1 mE s E
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|
\
t k2t

(a) ZhfEAR (b) M Fr il (c) M) dRas
5132 5 WL
WAbe = R £ WL AT, R AR R R AR T, W 5 R B IRBE E R A
KA T aimdhsirh, HEZRMOLAOVREE bl BT BvEsE8msh, 3.3
Mo WRAEIEERE S, WA ILIREOR, M2 ik WHL4REE ©A7, IBAREERt iR Ut =
FEONERRAR, — B, RS RAEVER . BTl XS SEm LR = i s Rt AT 0 A
I, Db ZUR G WA HEAT AR 2
K& &
MR

K 3.3 PR E A XA
iR, S AR, R A GBI AT R RARRAR E
WAeSE 2 R B RO REM, IERCT AT SR, REITR. AR SR, WKl 3.4, frE
JERE AT N, R T iR H T IR Zy R BB Bl v, keth. IR BRREE.
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= LREGRRS PR

SEESH ERKRE SERR
BOH = X84

1 3.4 iR e o 2 X 0
3.3 FLIREUGHIERISE

HRl, FLERER (5 RAme o — it F RIS W7 1%, R DILIROON RS, il
MR ECE BT, XEHURSIHLR A S T IR G AR, TS 3] EHLR B
IR, SRS E FE LS MR K E B R & K S0 = AT G i, BUAiRg
k| 3.5,

ST ALIR MG EH T8 A A 70 e e BT, SREUR SR B a2 200 3k 34T
2%, i 3.6. FIFHFIRBCRERIMAR, B H DM TIREAR, FH AR TR A
fith, BT LR TOREIE S . WU R AN AR R 2, 2 AT i e
HE RO % FFRRE M, B 3.7 BoR T —H CHLREINL (a)hitk, (b) %
LU (e JE
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K 3.5 FLIRDCRE S THEH USR]0 S s &

= = i T

2304200009 2304200010 2304200011 2304200012 2304200015 2304200016
II'I IIII lg:! Ilr!
2304200017 2304200018 2304200021 2304200025 2304200026 2304200027
] ; 1 ]lh i ¥ v
2304200028 2304200029 2304200032 2304200033 2304200034 2304200035

K 3.6 ARG E SR Gl

(a) fith (b) 22 () gk
B 3.7 R EHLH Wk

3.4 FLEREGTALIE

BT ALRACR — P FReQ %, TESEhR TAEH, mTFFRRR&Afe, RN
LREHE, WERPREZ, SFECRAESINES RBEE SR Z T, BTLnaos kT
By, FEuE, ZESHAE TAE. /bR b, ARDH MR T LR, g
FERCER . BB S 7k T
3.4.1 FTHEGRT

CIRBL ) JF AR FLIR S AS 2 PR O 720%480, (HAESZRR N A, ##45 BG4 1
fAE T 2 RNIAFHE B S LHFRMBIE. Bt 8RB RS, RS
— X 2 M R AT I
3.4.2 ElfFEAIE

FEAT LR, HH T R BIHLN SRS A AN R PARIIRR. SRk G 52 31 TR K
T ERGERET, B TMEEE, SEEGNRERZE, AR TR TH R0
MEFREL . EIGFH e FE S B — MICIB IR A, EReIEbR m A TPty e, [F]
9.
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R BRI S, R BEP  SE DA ARG DB e 2, 2 — iy I A 48~ 35 7
P SR EE AR K FEIR E R - MR ERE B SO IIME, (BRI LR
P I A7 7 0 AR A A Ok

Fr25F1E (Label Smoothing) , BN KBS FERMBIETE, E& M RN
JiiE, RN MO i TE label SR nmMER, MM SEIAT Y LW, BRIk
FARLEYIGRIT L T B TONARSE, Bk G, SEmmiiy iz 1 ag

L2 ] SRARIR. (g ) e DRI RR S, KRR ARSI 2 £ MR T4
SRR . BRI 0 A R U R B B bR T A T RE A, AT G0 3 ke
AT 5 (5T«

5 BRI HON R ST, 33— AR R B RSB (R TR TR, T B
BRLMANINGH R 1 5% 0.95 8 09, XMEHANE, KHELHEE
SO 40 T B IHI A 100%003ER . PHHFZSITH R E IR (3.1) R,

L=yx (1-D +- (3.1)

Horp L AT a2 FIE e 8UE, y AAFESRAERE, 1 NBOE KPR 12
B, ACHEMEAN0.01, n NITAFREE.

ERZHIGIE T, W2 AR 2 B4 AR IR 4, BE 1T 58 4 3 2292 (N 4%, 6 R
BT AE PR R AT RS R R TN o BRILL, BRSSP R K 2 B B 2 S IR — 3 0
3.4.3 [EfgJLmEi

FLIR BRI LA 4 RAREERR g b ot PR AT RIS . EdE (90 180 270°) . #k
BYL G478 W LU S B, EEANE A A AR AT, BRE T AR AS [R] I R B
SRR o AESERR R R AIHLALERIN S, AL — BEAE AW AR, Bt DO TR
TR B 7 AL AN R B . 38 I 0[] — R A B R AT JUART AR 4, 85 [F)— SR AL A ik fea B AN T
FAEAE B, AITTERIE 1 I SR 3 B ke e A e 08 3 & TAE 7R 5K o

(1) #HHY. 248 WG B A A BEALEET — 5k ¥ v, 2R 5 X K B TEOR B R I RS
XL BT o ZT VR TEAN S IRBU G5 BRI DL R, WA R AT AL
BY, MRS 1 H bRA il 2 S it ge ), a0l 3.8 B
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P BT SR KA AR AL BT B30

51 3.8 FEIGHEBTHT A LL
(2) 4Tl AETBORNe JEIA B 4% — %8 1 HE I E — 5 HOE il b AT S EU B R e Tig . 220
Ao Ha, ATCURE B P G RERAT R, WK 3.9,

3.9 ZEHHT JE R E
(3) Jighk o WAE— MR E I DXskrh, BENLIE SR E AL, SR 5 I B B3
BHEEZh. T R PR AL A AR 15, BT IR e 1 75 925 TT AR G s it e d — ) At
M SEEL 7 N2 AN BRI REAT A iR, anld 3.10.

3.10 eI JE X LE
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3.4.4 FLEREIGIRE

i Labelimg %43 Bt 8 254545 1 FLER UG EAT 73 Fhm i FRAREBAR ik 1% 8
PERT LLRAI T A LR EUREAR £E 5B — SR FLAR G 3 N\ Fo0 BN 44 2800 e, FERt
B XS A TARE . FRIESCHREAE Annotations SCIFESRE N, MG SCAESE JPEGImages S35k
. B EUE R E AR H 35 VOCdevkit\VOC2007 K. Labelimg #AEFRVE G W& 3.11
iR

3.11 FLIREG AR

3.5 KB/

AR K2 R AW LTI ESHL BRbe s ARSI AT T VR4, I
P HL L EEAT T 00T B R LR BB R4 TAE, 3 R AL G P T
Vet DU B I T PR R . FEBLEERE b, BF0 T LRSI A 38 03, 3B 1R L
o R R P A B, DASTILA FLER AR O S 0, DL A 5 B 28 0 24 ) 1| 25 7
K, S Labelimg bRy T H T FLIR BT bRVE TAE, 87 Seit b B FLIR SR
BIEEIE
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FNE ETF YOLOVA IFLIREGIIZ 5 AR IS I8 IE

4.1 3|
REHR T IR AR B AARFE, e B R BN EI R A R R S
FHIRE ARSI O FLIREIE, AT B TS, S NSEE VR FE 5% S HE S AT SRS B6TE

M HE— A BAIE AR ST 75 125000 T S 8 R S FLIRAS I B AR B A Rk
4.2 FERRE
I FLIR BRI R AL GRS, B T i LR A LR O T4
B, MR R R TR AT R AEGE B BB A I 2 A8 55 5 A,
A5 AR 1A 3 S U R P A7 AE VF 22 W e g YRR [ o B B 2 0 B TOUAL
B T B BT UG B 5R, B Mosaic ISR BUETEIE. B
P Jumge . Hd 2 E AR
SRIEHE T T Fr A5 0 e AR 1 2 R AT N LA, 3RAS BT B 0 L PRI ARYE SCAF,
W BT A B R DB B BRI ST 2 R UITERAR . MIRAR e L A I 2R B 5 N 5t S 11
YOLOv4 H brifl il [ 4 )| g FRAREIRR
B Ja LIRSS G I R0 S NI HARK I 45, A AR 2R R 255, 13
BUA I HARR AL o A5 P AR 40 T AR F i A 28 I~ 3 K5 %2 (MAP, Mean
Average Precision) , HCEEALZ 6] MAP, EFRUAIBRE AT, WARWE 4.1 Fix.

BRI

AP
S e Co—

thR

TLER S R
AR

i HmAP

|

K 4.1 fits sl doke AR L I ZxiiRe

4.3 ZIWHRRAR
N T IR A SR TR AR SEBRE B R 2T YOLOV4 [ FLERFE R S5 3 K5 56

UEFF R RIAT R, BATEE T—E SLIR B R e AT L AR S8
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(1) AL

LRGBS R G T e e BT, B A N =, Sl b, Ra. S,
Jahf HAEF labelimg Frid, 345 BGOSR ARTE SO . (BRI SCAFE Annotations SCA4
T, BB JPEGImages U o PR HURE AT E AR H X1 VOCdevkit\VOC2007

)
el sl ] ol

2304200009 2304200010 2304200011 2304200012 2304200015 2304200016

STo el of o

2304200017 2304200018 2304200021 2304200025 2304200026 2304200027
.& N

ﬂ ¥

2304200028 2304200029

a &
2304200032

K42 fLERER G
(2) R Hdask
&4 model_data\voc_classes.txt (RS, FHZ1TH H 3% T voc_annotation.py B FI %) 53
IZREERTIALE

logs\last_epoch_weights.pth|
model_data/voc_classes.txt]

model_path
classes_path

| |

| |

| input_shape | [646, 640]]|
| phi | n|
| confidence | 0.001]|
| nms_iou | 0.5]
| letterbox_image | True]
| cuda | True]

43 UGS
(3) &k
HIZIZATIR X T train.py BIATIZE, IISRIGFRIRBELHRAE logs SCHFRT . Gd) 7]
WS, Bl Omosaic: True\False@mixup: True\False; (3Label smoothing: bR Fig. —
f20.01 BLF. 10.01. 0.005.
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R e e e C L et L e E e L e et LT =
# mosaic L 3¢ 75 EUE Y

# mosaic_prob B stepf Z D BEFEF Himosaic B, Bik50%

#

#  mixup e 5 HimixupZrda iy 5d, U/ mosaic=Truel A 1.

# H 22 Xfmosaic i o 7 AT mixup A 40 HTL .

# mixup_prob H Z /D E (Emosaic /i ff HimixupZdi B ok, BRik50%
# M mixupZ Jymosaic_prob * mixup_prob.
mosalc = True

mosaic_prob = 0.5

mixup = True

mixup_prob = 0.5

special_aug ratio| = ©.7

# ...........................................................
# label_smoothing o ffte.01l) f11e.01. ©.005.
# ___________________________________________________________
label_smoothing = 0

Kl 4.4 AFRIZHAT A F S
(4) Mk (Al
B AT IR B 3 R 11 yolo.py, ¥ model path BRI ZRi HORERY A 5%, $EFTA 75 200
FIEMERAER H Sk 1) img SO, SRJGI84T predictpy SCHF, WAZE SR 2 B 3 4 BRUE
img_out ICfFFH,
(5) EAkFEFr (mAP, mean Average Precision)
L 3.9 B Python , i 2022 fi% Pytorch E ANASVRIREG IR FE 2 SIHEZE , ZEME {4 12th
Gen Intel(R) Core(TM) i5-12500H _ 523 H AR IR AT I 255 DK . BEAL ) ZREE K (Epoch)
WE N 100, HY 25 %2104 0.001, Batch Size WE N 4, #>]%5 0.0001, Batch Size W H&
N 2.
AT AR H 3 I yolo.py, ¥ model_path BRI ZRiF fREAL H 3%, /TR E T
1] get map.py, = HINEK—NER, 5 mAP, P-R thZk F1 #2k555% .
TR LSRR, FRATRT AR A S TR HEAT RAIE, PP Al AL SERR 2 K 5)
ALFLIRAS I PR A 280
FIHERE mAP  (Mean Average Precision) For AN [EI ST () FLER BRI 1T 15 AP
B, eSO RAAPERE . 78 (4.1) PRREHHEAR, N FRFLIRGREE R
FIAN A I AN R SRS s B il 73 AR AP A, FFRI-FIIME.
_28.-
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" AP
i=1

mAP = 4.1

MAP = 85.12% 4« MAP = 87.98% g

crack crack

0.0 02 0.4 06 08 0.0 02 0.4 0.6 0.8
Average Precision Average Precision

K 4.5 XFHikEe MAP
FERR A RBNILFLIR B IE B S R, “FJUERES AP (Average Precision) [KJ#{E }y P-
R HIZRA R IR, ~FIHER R TR 0N(4.2). AP EBUR, Ui BRI AR I % RE R LT

1
AP=[P(R)dR (4.2)
class: 87.98% = crack AP (RECEIgHETRE)

1.0

0.8 -
.5 0.6
£

0.4

0.2

0.0 ; . r '

0.0 0.2 0.4 0.6 0.8 1.0

Recall

K 4.6 RIRINGZLL AP
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class: 0.86 = crack F1
score_threhold=0.5

0.8

0.6 1

F1

0.4 1

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Score_Threhold

Bl 4.7 AR F1
Fl-score, 4N F1 738, Zguitah M T o BRI i — Rl bR . B
58 Ty R BRI R A A B3R, RGO B R AR A 8. Fl-score HHUA
WAL 0 2 1 200, Hrb 1 FRopiiBl gL 26k RE, 0 Rl 70261k Re, BEEi
1, UiBIPERE BT

class: 94.12% = crack Precision
score_threhold=0.5

1.0

0.8

Precision
o
[=)]

o
'S

0.2 4

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Score_Threhold
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3 87.43% 87.43% 0.87 95.18% 80.00%
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