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Abstract
existing methods for quartz crucible bubble detection, a modified YOLOv5 algorithm for quartz crucible bubble

To address the problems ol poor real-time perlormance and insullicient small target detection capability ol

detection, YOLOv5-QCB, is proposed. Firstly, a self-built quartz crucible bubble dataset is constructed, and based on
the characteristics of small bubble size and dense distribution, the depth of network down-sampling is reduced to retain
rich detailed feature information. Meanwhile, the neck using dilated convolution to increase the feature map perceptual
filed to achieve global semantic [eature extraction. Finally, the ellective channel attention mechanism is added belore
the detection layer to enhance the expression of important channel features. The results show that compared with

original model, the improved YOLOv5-QCB can effectively reduce the missed detection rate of small bubbles, improve

the average accuracy from 96. 27 % to 98. 76 % , and reduce the weight by one-half, which can achieve fast and accurate

detection of quartz crucible bubble targets.
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P&k 7 1T 5 30058 ) F 48 A0kl 3 9 & 7 Lo LA 396 O o 9 O
FRAEAREE . fff P 45 B 355 07 b 25 56 1 5 45 45 40 56 14 3 3 R AE
S 4 LR L AR SO PR AE /NSO R I K B AR R
B ERT.
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YOLOv5 88k 1R 5 M 45 ¥R B 0 45 40F J2 18 58 /Y 58 5
AE, HETA YOLOvSs, YOLOv5m. YOLOv5], YOLOv5x
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SRR MR Ho YOLOvSs %5 B IR B B/ - 7E 45 8
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ke WA BARHETT B 5+ ASTUINAE . e 4 AME
FT % BEHER D B 88 FAME R R HARE R &4 Hix
MRS,

2 AXHEFE
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3 XBERSHN
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AT E A Windows 10 BER G Tig17,CPU N
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Xt T P BB B9 PF 4, G F %k BUK UK B (precision,
P) . B [\ #F (recall, R) . %5 & (average precision, AP) .|
SRS B (mean AP, mAP) A EE K/ (weight) F1 5
R (frames per second, FPS) /MR BPEAMN F5 45 . H AP A
W B R e i AR R A e R A =D FroR s B [l
RIPAEER A 23 TR A = (2) FrR ; L — iR B
A 7 2RI R B8 4 10 PEAG I 48 3 vk 14 M R L T oF 208G B 4%
A TR A E 2R, 2 B bR A A R e E 2 B R BE TR 3
bRz — P EA N (3 B s mAP RoR i A 255 AP
SRR R S BT mAP SR T AP; BUE R/ME
R VPG R A R B B D AR B L FPS 45 M 45
B 4cb ZHL Y L AR M P A IO 8% P )

TP

P= TP + FP M
TP

R= TP +FN @

AP :JIP(R)dR (3

Hodr, TP s IE AR I A9 15 AR AR B0, RIS I OF AR A
RIEREAR , FP 37 A6 T 55 1R 09 10 A 2 Bk, RIAG I 7 A A
RIEREAR , FN 7R K DU 45 15 10 SR A 500, BRI 47 B A
RIEKEA ., AP £ N PR T m M, MESE— A
W) £ 3 [ 2T BT A A ARG ) S 394
3.4 EREFTHEXEENEIT

SRR T M 45 2 XF 8 £5.16 £5.32 F5 FREER M 3 A
AN TR B R A B R AT R AE A, B TR I R RS A R
SEHR, HXTFARSESE SR FREBFRESE LD
W E AR AN FRAE . B T AT A T R A A o A A
P BE R R, R A DB A ST AR, AR
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iy W/, BER/ FH MWE oAl
% % WEE/ % R/N/MB - HJE /fps
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KEWHTTRE, FEUN HARE R KRBEAL; 450 C 545
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B8 PRI % AP ik

SR UE B AR SCTCHE A RO S G A 3 Bl S 6 56 I TR
TR 2 W 45 S50 8 2 W A6 B TR b A sk T T R PL
KT EEBE BT ACR . SEHANE 4 TR R 1 ff B 20
AEP 25 25 0, i T T R FE2r IR B B FH, e B IR A
EIH RN E B BB TR E SRR B R T
T B R BRE R, 2 e Sk i VR 2 R4S S Y
B ol R TR AV E: N = AV R B e s S
TNSERE A A R R ER B, A TAREY 1,485 T 4%
KM B E R, A3 JFANEREEEE N
HUHIBL R, AR FACAD 1, BB 45 P 35 [0 M 1Y o 21 22 3 38 4
TE, B8 TR DURS . feJn AN 4 [R) B = etk
LB RE M YOLOvVS, & W48 ir 45 3l B & 271, AP 53
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4 HHZE
BR RJE4EH SIEBE ECA B HRE/% BER/ Y% FWRE/Y% REAN/MB KN/ ps
YOLOv5s 94. 77 93.91 96. 27 13.70 65
1 N/ 94. 86 95. 40 97. 66 3.85 89
2 J J 95. 35 95. 96 98. 38 6.11 85
3 J J 95. 90 94. 69 98. 06 3. 85 87
4 J J J 95. 03 96. 18 98.76 6. 11 82
A2 A 3 ANFRA G WS T RS EAAEALS 2N x5 FTREAWNEEMEREITL
TEOLT A R PR A BT, ATLIEH, =Fhk W BER/ FY 0 NE B
SR i ) AP WANE R ol ks B S (e 1575 y % M/ Y% do/MB B /s
3.6 AEBMEEI L SSD 96.57 65.79 86.09 90.60 13
N UEBI A S ) Y OLOV5-QCB AL A 11 6 0 1 fE » YOLOv3  88.24 89.31 92.35 235.00 14
WA e B FOSSDYY . YOLOw3!™ | YOLOv4M™ 1) & YOLOv4  91.54 91.93 95.77  244.00 11
YOLOvS5s 3X 4 Ffr 22 50 A4 B A5 46 I0 58 35 76 40 R B0 4 T i YOLOvSs  94.77 93.91  96.27  13.70 65
T, LI RNE S iR, YOLOv5-QCB 95.03 96.18 98.76  6.11 82

HI 2 5 AT, S 7 0 0 W 2 A H A T,
B YOLOv5-QCB 7845 Jr R W M e e b5 LRI R . 43
I YOLOVS-QCB BSR4 4 i A% T SSD, fH 2 76 3 [l
2RV IPRE BE BRI A % B M X T g B A
KB W N 24 5 i) YOLOv3, YOLOv4, YOLOv5s £ it 8
%, YOLOvV5-QCB AU AR T /) » 11 HL7E PR B0 AF B A
NAEENARE S ¥ o Rt B EAF AR .

Sk T T R bR R I A R i S R ROR R BT

s

1y 2 B8 S B 45 AT 00 3, 4 ) 8 A YOLOvVS-QCB P
REBPLRY YOLOvSs X A 36 3 3/ SO 3 47 A 0, 25 - n
9 PR, ME R LUE M, 75 AR &% & & YOLOvS-
QCB 538 B A RCR ¥ A HAM . SR T . X
WEBRR RS TR W EAR fAERERE THRMER,
YOLOv5-QCB B2 &1 3] YOLOvSs h— 2546 B %, #F
— R F TR P %A £ B AR IR/ B ARG TN EE T

(a) YOLOv5s

(b) YOLOvVS-QCB

B9 RINEs R IE
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