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[Abstract] Particle materials are of critical importance across various disciplines, including medicine
and materials science. In the field of particle science research, the accurate detection and evaluation of
particle morphology are essential tasks. Traditional manual methods, however, are inherently subjective and
inefficient, thus failing to meet the demands of modern scientific research and industrial applications.
Computer image processing technologies offer significant advantages and provide an effective solution for the
automated extraction of particle image parameters. This paper presents a comprehensive review of existing
literature, summarizing the algorithms and advancements in particle image processing. In the area of image
preprocessing, it discusses the performance of particle image filtering algorithms and the application of cutting-

edge deep learning-based denoising models.

Regarding image segmentation, the paper outlines
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VEE B . AR R e W B2 TR B (LS 100069) challenges, explores the level set method tailored

BEEE WL, B4 AIZUE . E-mail:hufan@cemu. edu. cn for particle images, reviews progress in concave

how the watershed algorithm addresses segmentation
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point detection techniques, and highlights achievements based on Hough transform and random circle

detection. Particular attention is given to segmentation strategies for scenarios involving adhered or stacked

particles. Furthermore, the paper reviews recent advances in deep learning, analyzes the strengths and

enhancements of architectures such as U-Net and Mask R-CNN, and discusses improvements that inegrate

attention mechanisms. Finally, three major future directions in particle image parameter measurement are

proposed: high-performance customized algorithms, general-purpose algorithms and deep learning fusion

algorithms.

[Keywords] particle measurement ;image processing; adhering segmentation ; deep learning

0 3

UKL 2 45 16 17 e NSH I A BAT e TR AR 1Y
JUAT A, S R0 A 22 AU w] il o Al PR 2R
AR R RE A RO TR 2 W, R
R OB BRI GE 5 B B 2R AR BUE Y
i R TR BERRA R R BURE BRI 22 3
W AR RES o H UKL 2 BT B I 7 SR A T
2, AT A R HUBURE A R SR 13X 28 3508k i
T Ml DR (9 00 TR A 8 SR 20 A T 3k Ay L
ok HOURLEE M ik T s A S XLl ik f
MG o B BB . T ARk, RS AL BREARAE
FOURE P 15 Ak PRABT ™32 2, PR A L 8 e | S
A58 | RASAR AT AL A, A OB A A 3 B B T
Ho ARSCBEEO TR 751500 AL Gl R AL B
UL PR BE 2 ) Bk P2 IR AR e e 3
575 1] o

1 Fkr E R e AR 77 3%

P45 i Ak 32 AR BB IS R 1 220 B,
B IhRe Ry (1) KE BIGER R TH0, BIBR T K7
B () SBAL AR , O 5 SR A BB L . UKL I 15
BRI B A (R A U 4N g, —fH A D vk
A A &N AT B R 8] 5 22 M B R (A
Vo BEA TR EE 5 ) HORTE MR G K Jig | 1 25 e 43t
BRI E R ) o AR, g I A SR 2ZE AR AL
Y CNN 2845 A 3t X 4% & Transformer 2557 A 3
&, Bon TR A o) R MR EORTE UKL 15 £ R
I AT o 2022 4F , Tawfik 24 Ho A T Z LA B
A EUGAL 58 5 IR B 27 2] KW 51 I Se ik i B
352 B AR B o ) 6 MR AU ] IR K e G| A
M e A AR 22 . ] DL TR B o 2] R R Ty
TIURL IR LR T I E T 38, RRAT ST 8K 2R £

T

FIARTHF A B ME LA,
2 BRI R

28 AH A Ab B B PR ALRE DX 23 1 S5 5 R .
Xof T AR 7 (8 JOUR , 37 388 B I PT B A3
(ELSEBR o JUORL RS 1 e B, IR A 2 55t T
KL 73 B 2 OB KGR e B RO DF S . 288 STk, i
PR B 42 R BE KCE SRS |
LIpEy Rl ERES ks DOl Z T A SR alll e a7
2.1 SKIEHEXER

FIHI, 737K W B30 vk kot R R A s B2 5 AN R 3
N TRD R, A% S DA I g 728 8 AR I AR AR (R Y
PPN . A REHE Sk ) F il P i
ZACRE I MR . 2019 4F SRULHIL A ot fin i o3 1
W3 3K 15 R 1E 7 (features from accelerated segment
test, FAST) , 315 h-maxima 43 /K I8 38y 45 4, vEH
RIEE AR BEREBRAD | h =R ORI EE b 2445 3]
FETt RIS HIVER . 20224F , F AR
i HH A IR 7 UKL AR A 3 07 G 32 R (145 73 )
To i LT A A 22 G B A g g K e B
5 SEIAS R R BORLA R0
2.2 KEEMXEZE

I TT T AL BO T RRARX W IR A AR
A OGS M P SR, 3R TS E AR ME AR . A
Z AR | Chan-Vese 581 85 G F T £k 7K S
£ 7 1k (distance regularized level set evolution,
DRLSE) /1 J&; & [X. 4 481 & (region scalable fitting,
RSF) IR 52 th . 2016 4F , R E R 4k
UKL B0 5 3 5 o B =Rk SR AL 2, R
Chan-Vese F5 B 0] 37 06 FEA] 140 G 3 W), {HL 73 51 58 2
ANy al B AR 2% R S5 R AR T s DRLSE K 7Y fi
P T TR A PSR EROE R GEA R
B IR0 202 40 1R 50 R B0 )



%2

TREATE , 55« BE T G A B O 2 0 7 PR AT ok - 203 -

B DX I APL 5, BB 3 20 S AROR) ol B AN X 45
2025 4F, Wang 55" 1E X S5 LTS ALY Z $9 46 1418
XFRIORL ) = 4E T ST, ADE S I K SRR 5
&85 53 7KW Bk 431, g AL Je 22K -4 07 e
R, et Sh AR R A AL R AUB ROk S IR
B 53K 5 AP BT EE P KRB, B 154 B B
N AW SRR A 3 72 A A T 42 1 ) R
2.3 MEtNEXEZE

[T s A I 5802 D AT 58 5 | A ST i v 280 ) 300 5%
RN 8 AR o 2019 4F, B 52 52 I E KK 431
WEFE P, BE T O e AR DB, B0 kA 14 ROK Y
3 R, b T = e A 0 M R I B, T
R E R M EECE AR o R4, I TLLLAE R A
T MR [ JE ot DA ] A5 SR, L 1] 5 DT
FC A B , S8 96. 2% 71 43 RS . 2023 4F,
DU SR 1 45 4 Bt 7 K I B33 45 T A5 114
AR AOREAR 3 SRR 37 SR, I3 07 P W A Bk
SO TSR Y R R
2.4 ERMEXEZX

WU BB % g 30 T5 kA AR G R R
(Hough Transform ) 1 i #1 I8 46 I 77 7% (randomized
algorithm for detecting circles, RDC) "', & K48 i
23 (8] 52 e Pk v, RDC 038 B 10 S o5 5o 38 iy 1
K, AP e . PRt TR G I B3 2 e A F
GEAZ T $2 TR NG 2 I B DR 5 a7 3 A i, S
PERE SRR . 2014 4, Alomari 257 7E RDC 3
it = FH 3% AR BTS00 B XoF P 4 LR 2 40 B 34, o
B3R5 335 95. 3% H198. 4%, 20154F , K F V4T
X ER AT URE PG 1, e SR i A 00 ok A1 K>
BOFIRL B | 73 FIORG 1% FIURE , gk ok /K U B3k ok 4331
[, 2018 4F, A= ) S5 % A WORL 4 1 15 43 1
I, 4 T 3 AR A A I Y 43 1 i, AR
A SR A0 ot M P 2 (B R v 1 S
LRI TRESS

3 BHSHNE

TEORL EHS R GE T o v, Ok B B e
o B by b S A P8R B R R R AR
EINTIYAR TR e 3 EPS R (E RGeS e by Lt
FUR == S 0. W WA R 7 584 51 AJB IR
T Feret HARSE . (fEAEWE G, BRILGERT S

TR AR E S . 2021 4F, BRI A0 R
P R TR R R 0 0 SRR v T T A B A e
B, X FEAR -5 T A0 ML, DA AR ISR e 2 R i
JEBK o TR)AR R A I A S R g B A
1 A B R BB SR T XY A
B S HCCREE R L R B A
2023 4%, 3= 75 F ™ H I W) 4% #% (back propagation,,
BP) 1 2 [0 45 45 A S BUOKRE SR W BRI, 7R T
GG 2] B e R R AR S U5 T V8 0, oA
A O A A 2 0L P 0 R i (AL T L A 0 S e

ESUR
4 REFIEXELERNEGOHRAR

4.1 ERTHRE GO ERNREF &R

U-Net 152 75 S5 47 FH T 1 28 240 Jf 43 51, JHC THT I 1)
Pt 5 UKL G 3 BV ARV . AR i ) s
B, U-Net B0 2 X3 5 55 5 0K, AH LUAZ 58 — (B Ak
AV RE M DR SRR 32 (0] &, X 45 4 3 I 2RI X 341
G DX T B e A A5 G B 1 A BN ) RS 1Y
AUAL 5 A L0 L 78 285, 1) U-Net 38 32 4 5 & — fige
A% — WRERIE 45 1, REA R 42 R 5 .. 2018 4F,
Zhou 55 2 B % 11 U-Net 19 Bk BRE 2, 46 /NG it 7%
55 A B A5 R A PR A 1 22 5, 4R HH U-Net++o 2022
A S BEPY 25 5 M 2 0o O 72 48 i NODE-
UNet++, 855 bRic 70 /K 06 531 S BLZT 40 i P45 o
# L RORAR T U-Net++Fl R FR 10 43 /K I8 5%
AR, 2023 4, Cao Z5 54 HY BE T Transformer 9 2% 11
2k U-Net Z2 ¥4 Swin-Unet, ff# & T 14 45 CNN 224 U-
Net 7~ 42 Jay A FR B T SO B A2 BRI BR o 2023
A, E SO Swin-Unet £ R FH T 10570 40K ks
PO 553, PEREHBRAZ ST U-Net £ A1

Mask-RCNN 5 51 A% 0o A8 478 T 58 111 52 451) 4
FIVERE , DR X MR R 028, LEIX RS H AR
TEFURL G AL b, B 203 B OB 5 9 55, i 7 X
oA ks . HEREA X 384 1 X 2% (region proposal
network , RPN ) 73Kk 1% FIURL , 38 3 #4815 4 SRk
R DI AR R AT 5328, 3K R il D UKL 3 [
LR S . 2022 4F, 4R 45T TE Mask-RCNN 2 il
L o AR TR K, AR URE TR PR A
Sl UHE RS, D VG E AR A 0K [ R S s 4R o T
AE RS20 AR I XLE] FPN 2544 fiff ke /N JBURE AG: 1 R



- 204 - YR TR

%45 &

I 15550, FH Soft-NMS 3 f 85 S FUk: T 46

H A AN A B . 402016 4F4fE
FFFFEEILAL ) YOLO (you only look once ) #5712 B
Pt 22 ) 245 SR i FL R — UM D) B TR BRI S8 Bk
R G T SR E SR . A
2015 4R 42 0 T, N v 3R ARE vI2 58 2 WA, e
V& 50K A N BARKEINRE ) B R R AL
il S 7 T A FE T R SeR AL ) K R A A
TR EUG A PR T W SR TF B R
JE 2 S RS2 R M S50 | fiesE ) B £ E
ZHVFRIE RN, 72 A0 38 5 2 0k 43 BT 55 B, PR RE
T tege k.
4.2 EERM A

I A Sfe ARS8 o HE RS it AL 5 | AT I HL
il 2B R AR TR B S B AR ARG
PRIMIH G MRS R . Horp SRR
FIAIL AT B i P GOR 3 B A A SV M TR
B, 3 2 0 B T kS 6 2 WA ) 28 R PR sl 7 AN
ERE =Lk BL L & S E 52k % S U]
AP KBS, BEY R T RN IRZ Y, %
TAEG AL ERAE (5 B R, ] LR BA 4 0t
Rif{EE . %FT Mask R-CNN AR ki =24 W)y

T — 2 4 T I 4% 2R LI D AN (] 7 5 Al
SR, TRAREAR I R AT AN Zrd RE A BIROCR

5 &g

UKL [ AR Ak BB AR AR 22 808032 B, 4 3 31
A TG 23 T 3k R Rt X 2 AR 2 ) K
i R T ) B 5 S 4R A JEE R ) S A
BEARE SR TT S B A Lz

(1) mPERERE AL o R AL BEE AR AR ORE
S0 B R T 2 BORE H R TR LR
WSHERAEY e . AR I U TRIETERE S K
1 5 B SRR ALAL , R0 ) R AN G R O i T
REARIZ IR B i 25 5 S PR R A DR FLAAR TR AL

(2) S E o 0RE P f Ak B AR A 22 45
AL, B R R A AR R S
Yo ShSEBUETE F Sk, WESEE T IS R SR A
S BER AN T2 ROB0E , 3y 9l 7 JR 1k DLIE N 2
AR

R BG Rk . R S U Ay
AL MG T ks B s B Rk R . ok —
LG R NN R AT S5 PR A RN AL
SRR — Uk

F1 EERMBHEFTELCD

Table 1 Summary table of improvement methods in recent years

IYEINI G HERIAETY e IREAE S LSLYIReS PN FERS St/ Slt)E/%
BBk ] U-Net 2022 30 5K Bk A B 12 CBAM {2 1 0Lk mloU 64. 1 78. 8
41 U-Net 2023  Dsb_2018 Isbi. [ # %k 4E SE {3 Ll mloU 81.55 84.12
22 IR B BB 2+ WL mloU 81.55 84.47

Ji A 4 g U-Net 2019 Warwick-Qu AR | EIS WAL 8o F1 78.8 83.2

UCSB breast %445 23T 2 0] 4 A AR AR B (ASPP) F1 78.8 84.7

Jip A g U-Net 2022 305K ST Wi R 23 A3k 2= i HR Dice 78.3 92.5

(ISBIEHE4E )
BRI Mask R-CNN 2021 642 7k ELA7 SR BESURRAE Y PiR A== Accuracy - 38.2
BERL A
Wiki ) Mask R-CNN 2022 220 SKERIE Wik: T 2 [ 14 VAR 2E 2% L FPN 454 Accuracy - 91

18 1] Soft-NMS




%2

TREATE , 55« BE T G A B O 2 0 7 PR AT ok

-+ 205 -

S 30k

(1]

[2]

(4]

[5]

[6]

(7]

(9]

[10]

[11]

[12]

[13]

H, Y, 200 5 AN SRR UL P R 23 07
LT ] BRIl AA, 2022, 37(10) : 313-320.

Shen R, Zhen T, Li ZH, et al. Research progress in image

segmentation methods of cereal adhesion grains [J]. Journal of

the Chinese Cereals and Oils Association, 2022, 37 (10) :

313-320.

AR, ELL R RIE . LT RGBT TE A SRR &

(). dEstE BT, 2017, 36(6): 633-638.

Si XJ, Wang HQ, Song LT. Automatic colony counting system

based on image processing[J]. Beijing Biomedical Engineering,

2017, 36(6) : 633-638.

G, AR . T H S R 1 A K O [ AR )

FERRTT] MR 2 4 CH AR R 5 2019, 18(1) -

73-78.

Gao P, Shi XL. Review of nanoparticles image recognition in

TEM micrographs[ J]. Journal of Guangzhou University: Natural

Science Edition, 2019, 18(1): 73-78.

Tawfik MS, Adishesha AS, Hsi Y, et al. Comparative study of

traditional and deep-learning denoising approaches for image-

based petrophysical characterization of porous media [J].

Frontiers in Water, 2022, 3: 800369.

SR, X, RIS, A LT UG FAST 5 43 K IR B2 14

FORLPE Ry 3L P EAMAR R, 2019, 25(2): 61-67.

Guo GK, Liu W, Yu LL, et al. Image segmentation of touching

particles based on improved FAST and watershed algorithm [J].

China Powder Science and Technology, 2019, 25(2): 61-67.

EIER, XU SC, DT AR AT 1 1 2 TR T g A 4

B G3 AK W R T UK 2 B0 7 [0 ). AR S H AR, 2022, 18

(3): 93-96.

Osher S, Fedkiw R, Piechor K. Level set methods and dynamic

implicit surfaces [ J |. Applied Mechanics Reviews , 2004,

57(3): BI5.

Chan TF, Vese LA. Active contours without edges [J]. IEEE

Transactions on Image Processing, 2001, 10(2): 266-277.

Li C, Xu C, Gui C, et al. Distance regularized level set

evolution and its application to image segmentation [J]. IEEE

Transactions on Image Processing, 2010, 19(12): 3243-3254.

Li C, Kao CY, Gore JC, et al. Minimization of region-scalable

fitting energy for image segmentation|[J]. IEEE Transactions on

Image Processing, 2008, 17(10): 1940-1949.

R . Bk TR 53 75 B2 ) A R BRI B i if s [D ). R

He REETOR?:, 2016.

Wang T, Fei W, Ehinger KA, et al. Improved level set method

for particle reconstruction from X-ray computed tomography

images| J |. Powder Technology, 2025, 455: 120743.

HESE5E KT PONN AL ARG 2 KK R4 BN (D ] M

[14]

[15]

TR Tl A2, 2019.
Fan MM. Image segmentation of adhesive rice based on PCNN
and pit[ D ]. Zhengzhou: Henan University of Technology, 2019.
INTLL, BhAR(E, Jh&, A5 T 11 A5 1o JE o F R 32 4 2
PGy FTra ) ). #lkRE, 2019, 45(3): 369-376.

Sun WH, Hong XJ, Liang M, et al. Image segmentation method
for adhesive cocoons based on directional erosion in concave
point[J]. Science of Sericulture, 2019, 45(3): 369-376.
WOLR, BEFE, JAHE, A BT s A K I - MR R
ARG L L) ] T STHLIN A 545, 2023, 31(8)
31-37.

Zeng FZ, Huang ZH, Zhou Y, et al. Ore particle size
classification detection method based on improved watershed-
concave point segmentation [J]. Computer Measurement &
Control, 2023, 31(8): 31-37.

Chen TC, Chung KL. An efficient randomized algorithm for
detecting circles [J].  Computer

Understanding, 2001, 83(2): 172-191.
Alomari YM, Abdullah SNHS, Azma RZ, et al. Automatic

Vision and Image

detection and quantification of WBCs and RBCs using iterative
structured circle detection algorithm [7]. Computational and
Mathematical Methods in Medicine, 2014, 2014: 979302.
A . BRIBURDRLEE A I R G A ST LD . s sRIURH
KeE, 2015.
Qin CZ. A dissertation submitted in partial fulfillment of the
requirements for the degree of master in engineering [D].
Wuhan: Wuhan University of Science and Technology, 2015.
), TYIRIE, XE AR, S — R T AR AR IN B RS
L) P 4 0 Dy ek L), BB I8 3, 2018, 13(20)
2330-2336.
Niu L, Yin CC, Liu XL, et al. An image segmentation method
of atmospheric particulates based on iterative diameter circle
detection[J ]. China Sciencepaper, 2018, 13(20): 2330-2336.
G, BEARIT . — R T B R 20 T B AR
= Sh I AEAR 2021, 40(10): 123-126.
Zhang H, Liao FY. Research on cell counting technology based
on microscopic image [J]. Foreign Electronic Measurement
Technology, 2021, 40(10): 123-126.
Bt , sk, RSO, 4 ST AU RS AL B B P kL
AR T[] ], TREMBAR, 2021, 29(1): 59-68.
Chen JH, Zhang ZJ, Xu WJ, et al. Quantitative method of
shape parameters of mineral particles based on image processing
[J]. Journal of Engineering Geology, 2021, 29(1): 59-68.
RFH T BP AL S AL SR I AT AL RGeS [T ]
T SR, 2023(6) : 65-69.
Wu XJ. Research on visual system of food appearance quality

detection based on BP[J]. Cereal & Feed Industry, 2023(6) :



£ 206 - LR TR o5 45 %
65-69. Vegas, NV, USA: IEEE Press, 2016: 779-788.
[23] Zhou Z, Siddiquee MMR, Tajbakhsh N, et al. UNet++ : a [30] Sapkota R, Flores-Calero M, Qureshi R, et al. YOLO advances
nested U-Net architecture for medical image segmentation [1l. to its genesis: a decadal and comprehensive review of the You
Deep Learning in Medical Image Analysis and Multimodal Only Look Once (YOLO) series [J]. Artificial Intelligence
Learning for Clinical Decision Support, 2018, 11045: 3-11. Review, 2025, 58: 274.
[24] BB, JETH W 7 TR RIBRIC 437K I4 30 1 40 Pl 4 [31] M AT, 2%, FH, % 3T CBAM-Unet i 80" Bk A1 1 4
[D]. K% K&ET K2, 2022. EILETTELT ], BREEERIA, 2022, 47(2) : 8-15, 23.
Rong YQ. Cell image segmentation based on neural ordinary Xiao CY, Li Q, Wang L, et al. Edge segmentation experimental
differential equation and marker watershed algorithm [D]. method of iron ore pellets based on CBAM-Unet [J]. Sintering
Changchun: Changchun University of Technology, 2022. and Pelletizing, 2022, 47(2): 8-15, 23.
= e e St _ . Y
[25] Cao H, Wang Y, Chen J, et al. Swin-Unet: Unet-like pure (32] SR, FrIRE, dlff, 5. MSE-UNet: &7 2 RS RFIEAI
V2 FT ML | i ) BT R
transformer for medical image segmentation [C]// Computer CER T AL A5 SIS ). il RSS2 CF AR
2 .71
Vision-ECCV 2022 Workshops. Tel Aviv, Israel: Springer IR, 2023, 49(2): 71-76.
Cham. 2023: 205-218 Wu XL, Qi SM, Meng J, et al. MSE-UNet: cell segmentation
[26] T 2248 . 3ETF Transformer 025 3K (0 AL 3 90 4 OB L51 5 model based on multiscale features and attention mechanisms
AEID]. i s Ko scimihs . 2023 [J]. Journal of Qufu Normal University (Natural Science) ,
2023, 49(2): 71-76.
Wang XH. Recognition and segmentation of catalyst (2)
. . . [33] DUEBRB, THgE, dR, 55 . 3T 0 U-Net 2% 4 iR 14 200 it
nanoparticles based on Transformer network architecture [D]. 4 B ———
LT Rl47, 2019, 32(11): 18-22.
Dalian: Dalian Jiaotong University, 2023. sl L] f
(7] 8. 2FF . pM 4 VR RS 3 [ SR WO CT Bei CY, Yu HB, Pan M, et al. Gland cell image segmentation
e, , » SF . BE =7t A I R
algorithm based on improved U-Net network [J]. Electronic
Pl 1500 005 ik (D). T SPL TR 5 5031, 2022, 43(8) -
2250 22;9 Science and Technology, 2019, 32(11): 18-22.
' (341 iV . ST SO U-net 9024 (19 B 0 40 P {50 53300 32034 1 Y BF
LiY, Li XY, Lu ZL, et al. Coal particle CT image segmentation e 001, FUCLE EURIE . 2022, 6(13): 94-97
el AP, s : 94-97.
method based on deep learning [J]. Computer Engineering and o )
8) Zhou T. Application research of glandular cell image
Design, 2022, 43(8): 2252-2259.
- [Sz:’:gi N I segmentation algorithm based on improved U-net network [J].
NPV 5 1 s 5T AL AR —
ARIL, IR b T e - T Modern Information Technology, 2022, 6(13): 94-97.
FHEMIRLT ] TR, 2022, 4 : 746-753. - . . o
PIMEGTELLL TPREER, 2022, 43(6): 7467753 (351 R, BT 16 4. 5T Mask R-CNN % BB
Chen ZY, Zhang LL, Zhao NN, et al. Research on segmentation B RS T () ], BEE2E25 4R . 2021, 41(1): 105114
and classification methods of mixed overlapped particle images Yang ZH, He SZ, Feng W, et al. Intelligent identification of
[1]. Acta Metrologica Sinica, 2022, 43(6): 746-753. wear particles based on Mask R-CNN network and application
[29] Redmon J, Divvala S, Girshick R, et al. You only look once: [jl. Tribology, 2021, 41(1): 105-114.
unified, real-time object detection [ C1// 2016 TEEE Conference
on Computer Vision and Pattern Recognition (CVPR). Las (2025-04-28 Wi fi , 2025-09-04 f& 1l )
(E3EF182W) Bai LH, Lyu QW, Xu MM, et al. Supply chain management
[16] Jiifs, Tk, A, 25 . SPD R T B FFE AL B4 48 mode ( SPD mode) and its application in hospital medical
bk Z M ErgE 7], thE RS, 2023, 27(9) ; 58-62. consumables management [ ] ]. Beijing Biomedical Engineering,
Gu W, Wang XG, Yang Y, et al. Research on the construction 2022, 41(6): 623-627.
(18] FAET MUPRE . FBEE HAEA A R SR I e it b 8 PR

[17]

of an evaluation index system of medical consumables suppliers
under the SPD model [J]. Chinese Hospitals, 2023, 27 (9) :
58-62.

H AL, B PSC IR 45 IR A5 45 AR X (SPD ) 78
P e I FHARE ARG 20 Ak 87 3 b i i FH A0 [0 ). de s A=y s =
T, 2022, 41(6): 623-627.

g3 ). B B, 2023, 38(10): 113-118.
Dong GQ, Fan YL. Analysis of adverse events monitoring report
and management strategy of medical consumables in our hospital

[J]. China Medical Devices, 2023, 38(10): 113-118.

(2025-07-18 Witk , 2025-09-09 & [1] )



