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Blast pile fragments recognition algorithm for open pit mines based on
deep learning and nap-of-the-object photogrammetry

CHEN Chengzhen, LI Hui,ZHU Wancheng,NIU Leilei
School of Resource and Civil Engineering, Northeastern University, Shenyang Liaoning 110819, China

Abstract; The rapid calculation of blast pile fragment size distribution has been a focal point in both
academia and industry due to its significant application on optimizing blasting effects and reducing min-
ing costs. In this study, the high-resolution orthophoto datasets of open-pit mine blast piles were ac-
quired using nap-of-the-object photogrammetry techniques, and a deep learning algorithm for fragment
size distribution recognition was proposed to assess blasting effectiveness and optimize mining costs. To
enhance the feature extraction of different rock fragmentation sizes, we introduced a switchable atrous
convolution module and a recursive feature pyramid refinement module. Fourier descriptors were uti-
lized to establish statistical distributions of the blast piles, while the cumulative passing volume curve
was employed in place of the cumulative passing rate. The results demonstrated the effectiveness of the

proposed algorithm; the mean fine fragmentation rate on the surface of the target blast pile was 8. 90% ,
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and the mean large block rate on the surface was 4.69% . The high fine fragmentation rate and low

large block rate indicate that the blasting parameters can be further optimized, and the cost can be re-

duced.

Key words:blast pile fragments ;deep learning ; nap-of-the-object photogrammetry ; machine vision

FRWE TR KA A P R R P OGBS
HRRSE IS 2™ A T AR B A RUBE 20 A 365 v 1 45
IR NIV TE S ATEIEY TiNE SViER d S (PR 3%
SRUF IR ELULMACBR 3 r i B ity RUBE S A o 1
SRR B R B . S TR e U o Al
BB S MR RR, CAFF 2 E R
A% KUZNETSOV'™ 4" Ji Kuz—Ram"* il x —14 Jr
RERI A BRI A3 A B RS TR R B A
mo ARGENT I kG ok m FAUIEE T A7 AR
] | 285 LA E 2R R O L AR ] B, S AR
FHRLSE 5 A ELULE | 6 T80 PR B 7 R AN 5
TS = BOLHMT A, ol B
MBS TT ), JEHIE R TR~ T R R it — 2
RTH AL AL LSRR h IS B RE ), 8 7
LIS ESDITAER 775

B G S A AR | B R (%
FAT T B80T & I VF 22 T AN HF A
SR A, W WipFrag™® | SplitDesktop ' 45 | 1
AN B 7 5 A DR A B B 3 23 A K Sy
B, Nt — P T A SRR, — L i
WA S R oy B D7 . GUO S5 B il — Bl
PER 53 KIS 15 | RE TR Rm 1o 1818 i 1
I8 Rl T AL, 2 20 K IR B3 2 ot B o
FIPARDL . R, 32 BRT A ST IR DT kT EE A
TR R BRIE | 1207 125 AR AT A7 AR B K]
B, ST HOCTE AR S A A T A = e
(6] H 9 (07 B AR LA S, HEBR O AN SO R 731
SRR, VRAMECT MR AL B P AR Ay TH
MR, LIU SR VOCS Sk 4RI & il
LCCP R E I FIR — A A AR R JE 0
B AT BRE s SR R T 0O 2 B9 B i T e
R ZITHE R A/ NI R BELEHE 14600 i3 R
Ol R B BB AR TEARRARBE BRI HOE
AR 2 7 SR U 5 TR

TENHL (UAV) VR — Bl et Gl sl 22 T
H, AT AP T R 4 24 e (5 B I B, o
IR TE 34 B R B 0 T, © R AE R R Hak
BRI IS Tz N AT, B R A

PURECF MG 5 R a5 G Wi, 7e e oA ith
287 1 A A5 B B AR B R AOR T B ik
R UAV SR AR s B A 52 Bl i 2 (1] 43
PR (GSD) AN F Mo T R ARG B L R4y HE R
A 2E R B UAV Ba e v a5 5 L il
/NEFR GBS COCO B AR Bk FEmy 2 7k
HR2BELUTHE I/NEE), B SCHER
[ 18], fieise ki HE b i R 79 41 Ik A Rosin—Rammler
N, EYE TR A R 542 50 em, Rosin -
Rammler 8504 1.2, 24 GSD M 4 mm F+5H % 10
mm , BB/ HAR BB SN 22% , /) H s
B tain 38% . T Paper with Code -5 A% F
G5 REHOHE T IR Bl 22 W 4% ( DNN) 1 J7 7
/N B Ar LB BRI RN S5 A3 EORS B R N T
FESF- 348 R RO H A A X RORS E, Je HRAE
ANEPR S I E KER T, K25 A 0
UAV 07 EMZ 7 47398 R BUIN Mask RCNN'
ResNet' ™' S50 | 1 X JEH0L B A &1 %t/ H AR
ST, X S 3 UAV o7 RGO ZiHE
FEEE 2 TR ™ E BRI T LA L 2R T M R
HITESIASE S

T — AP | 4 SR R M A RUBE A A
PO Ty, S ZE A o 2 A1), — S R HIW T 46 5
D H ARREAIC UAV 52 9 1E 5 B GSD; —
SEEE XN B AR BE S #1H DetectoRS' B3, 5
IR IR RRAE 4 T3 A AT P48 23 A 5 AR e L
PRFFEIEVERE, [FIE B4 1 SR 0 T 5 K
5 KRR AT SR, R R A

1 BEERLFSREE

538 FH S0 53 B 55 AH LE , S A1 S0 0 )
O TRlEAE T H AR N AR AL B, H/NRUE H s
MO 2 | IR X R 5 5 L AT T
/NEFRIFEIREBOT DR THERIPERE . BIAT]
D423 ) A UM 3 U A ik 48 7 35 0 B 1 TR L
SIREHY ] AR e A TR FAR B IR BIRS B L AT
X B KA A HE L R PR S, >R A8 B R B R A T 1
BioR



551 W RBTAG: « T TR B 2 2] AN 3T

DN 52 R AT R e B U 0 153

— P T

— R PR E &

— 3DAEERH P

—— AN AR

Ti
A
L
W
i
#
2
il
&2

—— R PR E

Bl 3

5, RIHEEE
fiE, $RTFSEHIEER

BN 9 & e R S5

on y
e | o
o B RIS P T
m % fer 5
fl z 5
s Aii

Bl #EAREE

Fig.1 Technical roadmap

L1 AY#=REER

TEVIE TR EE 57 > Sk rh , 23 A AR ] DLAEAN
MBI ZHUW T T, 4 B B Bkiod g A %K
TP A REBERAE A, IR BN R RS2 Y RUBE AL
B SRS R, SR, X TR A A
S 53 F TRl AR ROBE AR A B, HLR AR A3 1
A TE PG R B S 8 RUBE RS/ | 3 R Al 3k
IINEATREARSRAE LA A ARPAR DU | Fe 2t 25
R EER TN R A A R AR, B, 51T
Y) 4 75 7 4 L ( Switchable Astrous Convolution,
SAC) ML P MERE, SAC Bib n] LIAR 45 fn
ANBAE R SEPRTE B, IR A B b e P B 53 1Y
—M, I Z )R SAC BEHAYHES | BT RA [F] RUE
0 H bR, SEBU K AR A 3E 0, SAC
9 SN TAT 2 B
L2 BEPEHEEFE

BEA TR 27 T 1 T W 288 2 B I, ot 2210 2%
F18) JR 52 B 30 ok el A 1 e A BT R 33X T 48
TUTHN B R R A 1 B BE ST . SR, sz B
PR TRI R AE 151 1 73 B o 18 22 8 T e, 53X
PR b /N RUBE S AT A AT 38 20 22K TROIAG 2
TR, Do S o3 BB AN R RUBE H AR A4S
DUDKS 2 308 A0 2 (ol PR AR 5 P I 25 . Al
FH (Feature Pyramid Network , FPN) RF—FhH T

- e

3X

SAC Block

SAC Block

3x
SAC Block SAC Block
1x
SAC Block SAC Block
SACHIHR 3X

NS T

AR 319338 % X AR L33 BT

——— RWOE ok

2 SACAMMRETREE
Fig.2 Schematic diagram of SAC component



154

o B

¥ 5 IR 5510 %

1L A S5, a3 (a) R, Al RUX A+ R
ZAEAN TR B B ) A FH AN TR RO 9 R i AT 2
ARG, PRAUER AR 22 Ff ROBE S5 A T L
PERE

e
A KR H A
M R LA
B ~ , i
s JNRE B R

(a) $HOES T 5

e
! | R R AR

R PR gy 2
A ! | =R B R

x i

(b) BB VARHAE 71
B3 BESFEMRABTESFENIER™
Fig. 3 Schematic diagram of feature pyramid network

and recursive feature pyramid'*

1 R 4 73 ( Recursive Veature Pyramid,
RFP)7E FPN H1 5] A—ANEi4M0 B L T 5 it
SRR AR 3 (b) FroR o AT — RS £ kL
FAIERS , FPN B3 1% RO b — J2 A R AR A i
ARG R RHAE, T RFP AR E— RE R
ATRURLRFAIE , 38 A — YR A A GUE
A BURLRYRAAIE . B FPN g | A ad IH 454
SEBLE A RORE AL B 9 U A0, 1) 46 AL 53
PR, TN BE4R =

2 BREMAREZNE

To NS BB PR B 73 B 5 AT 3 TR
i, XIEH T IRANLBA R B 3l 25
PR RATHGE A% 5 T NPT Z AR — A 7K
SRS ATEALR , 32 B AL/ IV 4 RATHE B R
i, 0 AL g g S G ¥ 1) S P B 23 ik, L
HAGBERRAR, A& 4 (a) PR, SCHRL 231381, K
LR IE A ) SR A AR SO T [, BRI
JE R TR, AR A AL (07 s 0
BOR . W HERE I B T 2 AT R U e A 5l
AL, 18 SRR B 3 1 3 R R AT )
FL, NP 4 (b) s 3 F T wicde F AR RS A
R HEASURG JBE SR o 1 7 5t LU s EE A AR 228 1Y

PEME 22 5
R g g e e g

/NIRRT

GSD
i i
(a) WIS AHLEE SO

B

A WUTHRE

dwe/NEA AT E

et AT P

{56
(b) IEFHE W R
4 EHMIZANBZNENMLSELNEREE

Fig. 4 Schematic diagram of conventional UAV

photogrammetry and nap-of-the-object photogrammetry
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Table 5 The blasting fragmentation index of 18 muck piles at Gongchangling open-pit iron mine

FRHE S POl P02 P03 P04 P05 P06 PO7 P08 P09
/R BB A2/ mm 9.49 8.75 7.38 6. 86 7.85 4. 66 10.6 11.72 10. 30
W (AN ) /% 65.79 56. 54 62.52 77.35 55.38 85.42 55.47 80. 87 46.27
KRB (Fed i Bge i) /% 0.0005 0.0011 0.0005 0.0003 0.0009 0 0.001  0.0062  0.0058
W (S ARG ) /% 13.28 8.13 7.89 18.12 8.8 22.49 9.18 16. 50 3.70
R (HE S G ) /% 0. 81 2.49 0.78 1.7 1.74 0 2.58 19. 82 2.35
R HE S P10 P11 P12 P13 P14 P15 P16 P17 P18
/IR BB A2/ mm 9.13 10. 33 10. 05 12. 63 12.24 9.71 7.83 14. 02 16. 17
MR (Fl AT /% 57.14 56. 67 49.59 44,59 57.63 60. 33 52.97 24.95 11.27
KPR (Hm Mgt ) /% 0.0047 0.0005 0.004 0.0056 0 0.0043 0.0003 0.009 2 0.006 3
MR (HaE A ARBEIT) /% 7.54 8.94 4.27 3.45 7.86 6.6 8.49 3.44 1.44
KR (i RS ) /% 10.85 1.42 3.56 3.95 0 5.07 0. 62 19.27 7.39




160 o B

M2 S WA AT B R A B R
AR A Bk iE AR B R T nA BE, IF
HAEAAIE GSD W HE P OB Ea e . 18 M HirR
SRMER R R E R 8. 9% , )7 25 30. 61, e KN
22.49% ,f/INA 1. 44% s RYCRIGME N 4. 69% , J7
2 36. 63, KMH M 19. 82% /MR 0, itk H
By ME AR S8 i e, R HR AN U B B 4 X
(RSB Bt | T DIl S R KE 2 i, DAY
A,

5.2 GSD X RitiEid ER RN

GSD ¥ B 42 52 i 5307 1) de /N TR0 B KN
HETCAS BEHE BatiE R, BRI, 24 GSD
HAR R [R5 RUBE 1A i e o5 A AR R RS ik
AN BB R, XRME LS BUEE I R/ N AT R
DN RUBE B I, A [R) RUBE 5 A 18 R i Rl i R
Ko RMBIEaX — s, 23 23l 5 A GSD ik 4 4k Mk
) B ad R il £k, s 11 TR, AL, 24 GSD
BRI, 2 R B A MRS Sk T IREES

100F -
80F
X
¥ 60F
)
1) —#— P06, GSD=2.39 mm
g‘ﬁ: 40p A —e— P04, GSD=3.5 mm
R 4 A— P10, GSD=4.58 mm
201 P17, GSD=6.23 mm
b P18, GSD=7.37 mm

1 I I IIHHIIO 100
SRR BE/em
E 11 AR GSD A E1RHER R HiE i % i £k
Fig. 11 Cumulative passing rate curves for different
bursting piles with different GSDs

5.3 Rit@EEERMIBHEIEROTE

Fitlid R 222 5] GSD ALK T4, IR
PR BT i AT RO BT A RUBE A TR
FRIR A R R B U e e i
AN, AT AR IO A [ NURE A 18 A T A [
AR, PRI, AR T B St R, R
ST AR R R HE D X T[] GSD HAY
WAFR AR B 12 FE 13 2350 O 7E 18 A4
ML A A R e 5y 4R R g A R
HESPS PO O RS AT PSS E S R S i v Y it 2
AN T M 1) 2R AR R £ o A B 4
A, SRt aE AR il T DL 7 ) W% Bk HE
HE R HE

¥ 2 R %10 %
100
|
j% 60
=
d= 40+
B |
20
POS. 241 6
[ P08, GSD=4.29 mm —— P17, GSD=623 mm
0 L ) P02, GSD=4.32 rmm —— PJ8, GSD=737mm
1 10 100 110
FEAK B /om
E12 718 MEHEEHEHMRITET R
Fig. 12 Cumulative passing rate curves
calculated on 18 blast piles
1001
. 80F
s |
=S
% 60j
& 40| e
] =
Bk 20} Fxlﬁ
[ }:E:L}S]Hl)n P ; 5SD=623 mm
0 LA . lPUlUISIF‘O32llmnl‘—ll‘}&(islF7.37m‘m
1 10 100 110
S K B /om

B 13 7 18 MEHE T E B Rt @ AR &
Fig. 13 Cumulative passing volume curves

calculated on 18 blast piles

6 & it

ST — Pl T R R o ) NG AT 5 DN Y 0
SR o TG DA 1 B a1 e B
JEGET Tk . AT BRI

(1) PP 5 B 5 0 i AR A 8 M P Bk
T RIIH I 23 BRI UAV-1.5 k Bdladie, 2
F AR TR LE S0 AR A RIS UL RN 25 (] B

(2) [EHES A0 7 L BAE 55 I ACR]
DI 2 A BRI R i 5 SR . 5 T5
TEARLE SRR AR AL BN ORE A R S 91 N 2 BB
o, SEERE R BN TS XA H AR Y
B A RRREIL, R XIS B
P DR O BE R 2, LAY AR

(3) T it R4 R Rt i
B ZTT SRR 7 B I3, X M I 0 AR 14 728
PR EA s AR e, [N BEAS UL AR o B
HATIY S HEAR I

e i 553 S ) o 3 v P Rt A B 2
OIMT o AT S A N S ) R R A A DL AR
g S 140 TR JEE TN A P R A, R AR R
MBI 5ETT 1A



514

R PR AR 5T TR 2 > RN 30 45 52 0k 4 i DR 7k R B AR 5 i 161

S 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

OUCHTERLONY F,SANCHIDRIaGN J A. A review of
development of better prediction equations for blast frag-
mentation[ J]. Journal of Rock Mechanics and Geotech-
nical Engineering,2019,11(5) : 1094-1109.
KUZNETSOV V M. The mean diameter of the fragments
formed by blasting rock [ J].
1973,9(2) : 144-148.
CUNNINGHAM C. The Kuz-Ram fragmentation model-

Soviet Mining Science,

20 years on[ C]//. Brighton conference Proceedings.
European Federation of Explosives Engineers, 2005
201-210.

OUCHTERLONY F, SANCHIDRIaN J A, MOSER P.
Percentile fragment size predictions for blasted rock and
the fragmentation-energy fan[ J]. Rock Mechanics and
Rock Engineering,2017,50(4) . 751-779.

AZIZI A,MOOMIVAND H. A new approach to repre-
sent impact of discontinuity spacing and rock mass de-
scription on the Median fragment size of blasted rocks u-
sing image analysis of rock mass[ J]. Rock Mechanics
and Rock Engineering,2021,54(4) . 2013-2038.
FIGUEIREDO J, TORRES V, CRUZ R, et al. Blasting
fragmentation study using 3D image analysis of a hard
rock mine [ J ]. 2023, 13
(12): 7090.

ENGIN I C,MAERZ N H,BOYKO K J, et al. Practical
measurement of size distribution of blasted rocks using
LiDAR scan data[ J]. Rock Mechanics and Rock Engi-
neering,2020,53(10) ; 4653-4671.

KAHRAMAN E, KILIC A M. Evaluation of empirical

Applied  Sciences,

approaches in estimating mean particle size after blas-
ting by using nondestructive methods[ J]. Arabian Jour-
nal of Geosciences,2020,13(14); 613.

YAGHOOBI H, MANSOURI H, ALI EBRAHIMI FAR-
SANGI M, et al. Determining the fragmented rock size
distribution using textural feature extraction of images
[J]. Powder Technology,2019,342. 630-641.

GUO Q P,WANG Y C,YANG 8 J,et al. A method of
blasted rock image segmentation based on improved
watershed algorithm [ J]. Scientific Reports, 2022, 12
(1) 7143.

LIU Q,SHI F Q,WANG X G, et al. Statistical estima-
tion of blast fragmentation by applying 3D laser scan-
ning to muck pile [ J]. Shock and Vibration, 2022,
2022, 3757561.

AR, T ANV, S5, BT IC LTI Y E2
KA RIS S E W M R RO BEFE [ )], BREE, 2021,
38(1): 70-74.

(13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

LI Shenglin, WANG Zongrui, SUN Jiancheng, et al.
Blasting shape and delay interval of open pit mine
based on UAV aerial survey[ J]. Blasting, 2021, 38
(1): 70-74.

AR, IR T il BRI R KA Rof
Bl R I [T ] Ak ,2022(2) (112~ 113.
AN Zhenhua. Discussion on the application of non-
contact measurement technology in the acceptance of
stripping quantities in large open-pit mines[ J]. Min-
ing Equipment, 2022(2) . 112-113.

PR WA, AR BEAR, 5. R IE] FR R KA TE 58 K-
R DR B AR Sl A g SR ]. AR
JURHE 2= BE2E % ,2020,17( 1) :45-50,76.

LIANG Yongchun, CHEN Nan, ZHU Honggen, et al.
Research on the application of soft margin maximization
in automatic inspection of personnel evacuation in
open-pit mine blasting areas[ J]. Journal of North Chi-
na Institute of Science and Technology, 2020, 17(1)
45-50,76.

IMER R, AT, %, BT IR ANGRHES 1
PRI ik ()], B TR, 2021, 53
(2):99-105.

SUN Jiandong, CHEN Xu, ZHOU Yu, et al. Meas-
urement method for cast blasting muckpile morphology
based on UAV oblique photography [ J]. Coal Engi-
neering, 2021, 53(2) . 99-105.

2%, B0 i, & T ADLUIRES BRH8E52 I &
RERESCUEAT S [J]. 7 i 4, 2020, 48 (5) : 123~
126.

LI Biao, YAN Yong, YANG Huachao, et al. Empiri-
cal study on the accuracy of low-altitude UAV oblique
photogrammetry[ J]. Mine Surveying, 2020, 48(5):
123-126.

LIN T Y, MAIRE M, BELONGIE S, et al. Microsoft
COCO: common objects in context [ C ]//European
Conference on Computer Vision.
2014 740-755.

MORIN M A,FICARAZZO F. Monte Carlo simulation

Cham: Springer,

as a tool to predict blasting fragmentation based on the
Kuz-Ram model[ J]. Computers & Geosciences,2006,
32(3) . 352-359.

THRA . LT IR i 2 X 45 AR T 15 43 51 1 7F
FE[I]. A5 R FM R, 2022,23(6) :203-206.

HU Songtao. Research on fuzzy image segmentation
Informa-
tion Recording Materials, 2022, 23(6) ; 203-206.
AR, R & SRR, 5F. BET Mask-RCNN 5%
AT ABLI A R A8 I F A D7 ik w5 (1],
25523 ) b 3R B ,2023,46(11) :99-102,106.

method based on deep neural networks [ J].



162 R 2 F R 510 %
LI Maosen, LIANG Siyao, GUO Donghai, et al. Re- Research on fragmentation detection technology of un-
search on ship target detection method in UAV inspec- derground mine explosion heap based on Mask R-CNN
tion images based on Mask-RCNN algorithm[ J]. Geo- [J]. Mining Technology,2023,23(6) : 147-151.
matics & Spatial Information Technology, 2023, 46 [27] XA, BRmeT. FETIHE PO A9 s ak b B 4r A
(11): 99-102,106. gt J]. iR 5T & ,2024,44(1) ;. 190-196.

[21] ZBaAfE, XISCH, PR H %, %, FET Resnet FIMHLTG LIU Junwei, CHEN Xiaoqing. Statistics of blasting
IWEG b F )], ARl K2R fragmentation distribution based on computer vision
( BRFBI#AR) ,2024,48(02) :175-181. [J]. Mining Research and Development, 2024, 44
NIU Hongjian, LIU Wenping, CHEN Riqiang, et al. (1): 190-196.

Improved Dehazing algorithm for UAV forest images [28] A, TR, 230,55, 071032 BRI 52 41 43-#)
based on ResNet[ J]. Journal of Nanjing Forestry Uni- BAREN A B E k)], T ERHE S 3, 2021,
versity ( Natural Sciences Edition), 2024, 48 (2): 16(3) . 329-335.

175-181. DIAO Mingguang, YU Chen, LI Wenji, et al. Automatic

[22] QIAO S Y,CHEN L C,YUILLE A. DetectoRS: detec- generation method of instance segmentation data set in
ting objects with recursive feature pyramid and switch- mine remote sensing monitoring[ J]. China Sciencepa-
able atrous convolution[ C]//2021 IEEE/CVF Confer- per,2021,16(3) ; 329-335.
ence on Computer Vision and Pattern Recognition [29] XURER, XI—IX, A K, 4. BT A OSEIRHRE S
(CVPR). Nashville, TN, USA. IEEE,2021; 10208- ST LA R R RS AR TEM ()], A+ TR
10219. #2,2021,43(5) ;: 968-974.

[23] ZHAO M Y,CHEN J P,SONG S Y, et al. Proposition LIU Feiyue,LIU Yihan, YANG Tianhong,et al. Meticu-
of UAV multi-angle nap-of-the-object image acquisition lous evaluation of rock mass quality in mine engineer-
framework based on a quality evaluation system for a ing based on machine learning of core photos[ J]. Chi-
3D real scene model of a high-steep rock slope[ J]. In- nese Journal of Geotechnical Engineering, 2021, 43
ternational Journal of Applied Earth Observation and (5):968-974.

Geoinformation,2023,125. 103558. [30] Z=rz. FEETEGH SOLOV2 D K44 32 ) 43 F 5 1

[24] CHEN K,PANG ] M, WANG J Q, et al. Hybrid task [J]. Tw Azhk,2023,49(11) ; 115-120.
cascade for instance segmentation[ C ]//2019 IEEE/ JI Liang. Coal mine image instance segmentation meth-
CVF Conference on Computer Vision and Pattern Rec- od based on improved SOLOv2[J]. Journal of Mine
ognition ( CVPR). Long Beach, CA, USA. IEEE, Automation,2023,49(11) . 115-120.

2019 4969-4978. [31] ®¥hsC, v EEE #i, %% 2T SOLOV2 ik iy sk

[25] WANG X L,ZHANG R F,KONG T, et al. SOLOv2: BRI REB T[], THREPIEOR 5 %, 2023, 33
dynamic and fast instance segmentation [ EB/OL ]. (9): 45-51.

2020:. 2003. 10152.  http: //arxiv. org/abs/ ZENG Haowen, WANG Huilan, ZHAO Kan, et al. Re-
2003. 10152v3 search on improved instance segmentation algorithm
[26] Xz, EHOM: ik FE 4, 5. T Mask R-CNN # based on SOLOV2[J]. Computer Technology and De-

HoTF A M B BE R I H AR WEIE (], RATHR,
2023,23(6) : 147-151.
LIU Yingying, PANG Qizhuang, ZHANG Baojin, et al.

velopment,2023,33(9) . 45-51.

(TTAES AT W FA)





