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Review of Research on Rough Set Models and
Methods for Knowledge Structures
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2. School of Mathematics and Computer Science, Quanzhou Normal University, Quanzhou 362000, Chinaj;

3. School of Mathematics and Statistics, Minnan Normal University, Zhangzhou 363000, China)

Abstract: Knowledge space theory (KST) is a scientific methodology for investigating educational principles,
while rough set theory (RST) serves as a crucial mathematical framework for analyzing uncertainty. Over four
decades of development, both theories have achieved significant research advancements. This paper systemati-
cally reviews the major progress in KST and RST respectively, synthesizes recent interdisciplinary research a-
chievements, critically examines existing scientific challenges in current studies, and proposes potential re-
search directions for future exploration. The findings aim to provide valuable references for further investiga-
tions in this interdisciplinary field.
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Solid Waste Detection Network With RGB-D Multimodal
Fusion and Deep Feature Enhancement

ZHAO Yinhao, LIU Bingchen, YANG Jianhong, FANG Huaiying

(College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China)

Abstract: Aiming at the problem of low accuracy of RGB recognition due to similar features in online con-
struction identification of solid waste, a dual-camera collection experimental platform is established to collect
color images and depth images simultaneously. A multimodal fusion and depth feature enhancement network
(DFENet) based on color image and depth image is proposed. DFENet can effectively fuse the color and depth
image features of solid waste. By designing a deep feature strengthening fusion module (PFPD) . the network
balances and enhances depth features, significantly improving recognition accuracy. Experimental results show
that compared with RGB+FPN (feature pyramid network) method, the recognition precision of PFPD method
increases from 92. 4% to 94. 7% at IoU=0. 50, and from 90. 8% to 92. 8% at IoU=0. 75. Compared with the
instance segmentation network (Mask R-CNN), the recognition precision of DFENet improvs from 86. 4% to
89.2%. The proposed method can effectively improve the recognition precision of object detection and instance
segmentation models for solid waste identification.

Keywords: solid waste sorting; depth enhancement; RGB-D image; feature fusion; instance segmentation
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Tab.1 Comparison between recognition precision and inference time of object detection model

H A6 0 ) 2% FE T Prov=o.50/% t/ms

Faster R-CNN ResNet50+ FPN 83.7 22

Mask R-CNN ResNet50+ FPN 90. 4 27
YOLOv5 CSPDarknet53 89. 3 21
YOLOvS Darknet53 91.7 26
Co-DETR ResNet50 95.8 315
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AEA [a] 32 0 45 Hh 23 53 oA 388 368 3 . 0 AL A ASE R A 3 T AL A AR B L5 A A8 R A i
7 B0 S TE R TE R LA e A BB T 26 Hp L X SR IOAY RGB 5 Ak Pl AR 58 1 A5 s A 141 3 1)
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Tab. 2 Comparison of different pattern recognition precision (Unit: %)
e FT M % Prou—0.50 Pru-—o.15 p
S ResNet101 93.2 91.4 77.8
ARG L ResNeXt101 93.3 91.8 78.1
- " ResNet101 94.7 92.8 77.6
FERTBLR A ResNeXt101 93. 8 92. 6 78.4
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Tab. 3 Recognition precision of different fusion models (Unit: %)
fil G o7 Prou=0.50 Prou=o.75 P
RGB+FPN 92.4 90. 8 77.3
RGB-D E+FPN 93.3 91.2 76.9
RGB-D M+FPN 93.5 91.2 77.0
PFPD 94.7 92.8 77.6

M35 3 Al . 5 RGBAHFPNCRAE 4 5 85 [ 2% J7 UM [, PEPD J7 5078 ToU=0. 50 #8351 kG 3
M92 AV R E 94,706 7E ToU=0. 75 @ UINRT BE A 90. 820§ T+ 2 92. 804 3 Al L F ALl il RGB+
FPN filt 577 30, R ] PEPD [ Prou—o.50 » Prou—o.75 #8AT 52 iR o 53X U W R A5 B 7T LIAE i RGB RHAIE A9 b 58
GRS EFAMAER s RGB-D E+FPN filt G 77 2 & ¥ RGB KR 5 R B ER Se B A7 PF 46, PR AR 2%, 2o
R RS AR £ B A 5 AAE 2 BT 2 AN RE DX 20 1 o £ 5L =2 1) 68 22 531) LUK AR T RGB-D M+ FPN it
A J73,1M PEPD B Pru—o.50 s Prou—o.7s 808 T RGB-D E4+FPN,.RGB-D M+FPN Fli& 5=, X2 E H
FATE I TR MR ARE S B D T =l JE RGB B AFIESS B . 11 RGB-D M+FPN fit 5 J7 0% T RGB
UE TR B A A TR [ 9 AR PRt SR — Ukl 19 07 AN BB AR 80R T IR BE R AE . PEPD /] DLTE A
RICHIRE I 2 1) R AE 0 15 )23 1 R AE 2 ok 7 O B 5 )2 R AR 1 1 SCA R TR] A O B AR R AE 1 ) A
EAG B A RERTE H AR DU 0 E ALK
2.5 HELKI

¥ DFENet i A M 2% Mask R-CNN Ht, 3 AN [7) U8 B (9 35 T 28 647 B Aw A 0 0 55 4] 43
), DL PR HE A ot . 4 Bd ] ResNet50, ResNet101,ResNeXt50 il ResNeXt101 /4 F F
W2, FE T P NN BE L8, S5 Rk 4 s .

F4 BT MG R (BAL: 20D
Tab.4  Comparison of recognition precision of backbone networks (Unit: %)

% Mask R-CNN DFENet

Prou=o.50 Piou=o.75 Py Prou=0.50 Piou=o.75 P,

ResNet50 90. 4 88.5 76.2 93.1 89. 8 77.9
ResNetl101 92.4 90. 8 77.3 94.7 92.8 77.6
ResNeXt50 93.2 91.4 77.8 92.5 91.0 77.4
ResNeXt101 93.0 90. 8 76.7 93.8 92.6 78.4
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Fig. 6 Thermal diagrams of detection results for 4 types solid waste
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Tab.5 Comparison of average recognition precision in instance segmentation (Unit: %)
) 2% Py CEAKRED P,GREET) PyOR%KD PG
Mask R-CNN 95.1 86. 4 94. 6 92.2
YOLOv5 91.6 89.6 96.0 93.1
YOLOvS 97.2 85.2 95.3 94. 8
DFENet 96. 4 89. 2 96. 3 95.0
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Fig. 7 Detection results of networks
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Corrosion Failure Analysis of 6005 Aluminium Alloy
for Solar Panel Mounting Brackets
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Abstract: To study the causes of localized corrosion failure in solar panel support components, the macro-
and micro-morphologies, matrix material properties, elemental compositions and mass fractions at the corro-
sion sites of a 6005 aluminium alloy brackets were analyzed using energy dispersive spectroscopy. In addition,
the corrosion mechanisms were evaluated considering the products’ manufacturing processes and operating envi-
ronment. The results indicate that the inadequate cleaning of metal extrusion moulding processing fluid lead to
chloride residue in the moulding process fluid. which was an important cause of corrosion and failure of the so-
lar panel bracket during service.
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Tab.1 Detection results of cross-sectional elemental composition of a luminum alloy workpiece
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Analysis on Out-of-Plane Deformation Characteristics of
Frame Infilled Wall Using 3D-DIC Technique

XIE Xinyao', GUO Zixiong"*, BASHA Syed Humayun'*

(1. College of Civil Engineering, Huaqiao University, Xiamen 361021, China;
2. Key Laboratory for Structural Engineering and Disaster Prevention of Fujian Province,

Huaqiao University, Xiamen 361021, China)

Abstract: Based on three-dimensional digital image correlation (3D-DIC) technique, the Mises strain field,
crack width and in-plane/out-of-plane (IP/OOP) displacement fields of the frame infilled wall at different load-
ing stages were investigated. The results show that unde 70 %-80% peak load, the main crack contour basical-
ly forms, and the crack width is 0. 96-1. 97 mm; unde the peak load, the maximum crack width is 3. 81 mm.
The outer surface of the wall resembles the shape of a quadric surface, the OOP displacement amplitude value
decreases from the center to the edges of the wall. The IP displacement amplitude values of each block of the
wall are similar, and the IP/OOP displacement fields of each block divided by the main crack presents the sym-
metrical distribution.

Keywords: three-dimensional digital image correlation technique; frame infilled wall; out-of-plane perform-

ance; strain field; displacement field
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Numerical Analysis of Local Compressive Performance of
SSCFBT Stub Columns and Calculation Method
for Load-Carrying Capacity
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Abstract: In order to solve the problem of chloride ion corrosion in seawater and sea sand, a refined finite ele-
ment analysis model of seawater and sea sand concrete filled bimetallic tube (SSCFBT) stub column under the
local compressive load was established by reasonable material constitutive relationship and finite element mod-
eling technology. The reliability of the model was validated using existing experimental data. Based on the ver-
ified finite element model, the internal force distribution and stress nephogram during the loading process of
SSCFBT local compressive stub columns were analyzed. The parametric analysis was conducted using the finite

element model to investigate the influence of parameters such as local compressive area ratio, end plate thick-
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ness, concrete strength on the load-carrying capacity of SSCFBT local compressive stub columns. The results
show that the local compressive area ratio and end plate thickness are the key factors affecting the load-carrying
capacity and deformation capacity of SSCFBT local compressive stub columns. Based on the results of the para-
metric analysis, a simplified calculation formula for the local compressive load-carrying capacity of SSCFBT
stub columns is proposed.

Keywords: bimetallic tube; seawater and sea sand concrete; local compression; finite element analysis; load-

carrying capacity
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Comparison of load-displacement curves of local compressive stub columns
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Comparison of simulation values and experimental values of

ultimate local compressive load-carrying capacity of specimens

R t.,/m t,,/mm {,/mm B Nurea /KN Noa../kN Nutrea/ Nue
SSCFBT-159-6-1/4 5.0 0.5 0 3/4 1 684 1666 1.011
SSCFBT-159-3-1/4 5.0 0.5 3 3/4 1538 1528 1. 006
SSCFBT-159-0-1/4 5.0 0.5 6 3/4 1396 1455 0.959
SSCFBT-159-6-1/3 5.0 0.5 0 1/2 1882 1 830 1. 029
SSCFBT-159-3-1/3 5.0 0.5 3 1/2 1 801 1735 1. 038
SSCFBT-159-0-1/3 5.0 0.5 6 1/2 1 660 1697 0.978
SSCFBT-133-6-1/3 6.0 0.8 0 1/2 1432 1498 0. 956
SSCFBT-133-3-1/3 6.0 0.8 3 1/2 1259 1371 0.918
SSCFBT-133-0-1/3 6.0 0.8 6 1/2 1133 1241 0.913
SSCFBT-133-6-1/2 6.0 0.8 0 1/3 1613 1521 1. 060
SSCFBT-133-3-1/2 6.0 0.8 3 1/3 1497 1483 1. 009
SSCFBT-133-0-1/2 6.0 0.8 6 1/3 1259 1428 0.882
SSCFBT-108-6-1/2 6.5 0.5 0 1/3 1197 1092 1. 097
SSCFBT-108-3-1/2 6.5 0.5 3 1/3 1116 1076 1. 037
SSCFBT-108-0-1/2 6.5 0.5 6 1/3 889 1017 0.873
SSCFBT-108-6-3/4 6.5 0.5 0 1/4 1213 1127 1.076
SSCFBT-108-3-3/4 6.5 0.5 3 1/4 1179 1099 1.073
SSCFBT-108-0-3/4 6.5 0.5 6 1/4 981 1061 0.924
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Fig. 6 Comparison of load-strain curves of local compressive stub columns
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Fig. 12 Influence of cross-sectional steel content on mechanical properties of specimens
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Fig. 13 Influence of carbon steel yield strength on mechanical properties of specimens
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Fig. 14  Influence of stainless steel yield strength on mechanical properties of specimens
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Fig. 15 Influence of concrete strength on mechanical properties of specimens
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Tab. 2 Comparative analysis of ultimate local compressive load-carrying capacity

RIS Nu.rea /kN N.../kN Nu.rea/Nue
p=1/6 8 345 8 226 1.015
p=1/3 9199 9 316 0.988
p=1/2 9 812 9 899 0.991
p=2/3 10 187 10 100 1.009
p=5/6 10 321 10 248 1.007

p=1 10 217 10 311 0.991

£,=0 mm 9 587 9 526 1.006

£,=3 mm 9 644 9 603 1. 004

t,=6 mm 9 700 9 681 1.002

£, =9 mm 9 756 9 765 0. 999

£,=12 mm 9 812 9 804 1.001

t,=15 mm 9 869 9 833 1.004

t,=18 mm 9 925 9 873 1.005

p=0 9103 9 153 0. 990
p=1/6 9 184 9 200 0.998
p=1/3 9 266 9 289 0.998
p=1/2 9 348 9 371 0.998
p=2/3 9 430 9 408 1.002
p="5/6 9512 9 552 0.996
=1 9 594 9 664 0.993
T
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Preparation and Performance Analysis of Low-Shrinkage
Sandstone Cave Slag Water-Stabilized Materials

TAN Bo"?, LIN Yian"*, ZHANG Lei’,
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(1. School of Civil Engineering, Guilin University of Technology, Guilin 541004, China;
2. Guangxi Key Laboratory of Green Building Materials and Construction Industrialization,
Guilin University of Technology. Guilin 541004, China;
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Abstract: In order to solve the problem of lower strength and high shrinkage of sandstone cave slag water-
stabilized materials, the low-shrinkage water-stabilized materials were prepared by step-by-step filling method,
combining with the i-method designing gradation and mixing fly ash, and the performance were investigated by
mechanical tests, dry-shrinkage tests, and dry-wet cycle shrinkage tests. The results of the experiment show
that, when the mass ratio of coarse aggregates to fine aggregates is 65 ¢ 35, the mixture has stronger mechani-
cal performance. The early strength of the mixture mixed with fly ash is lower, the late strength increases.
The mixture performance is significantly better than those of the piece S1 at age 60 d, the optimal mixing a-

mount of fly ash (mass fraction) is 9%. Comparing to mixture with no fly ash, 9% fly ash decreases the dry
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shrinkage strain by 41% , and the dry shrinkage coefficient by 48%. After dry-wet cycle, the shrinkage strain
of second dry-wet cycle is greater than the shrinkage strain without dry-wet cycle, and the mixing fly ash re-
duces the dry-wet cycle effects.

Keywords: gradation design; water-stabilized material; fly ash; mechanical performance; shrinkage perform-

ance
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Tab.1 Performance indexes of sandstone cave slag aggregate

D/mm p./g s cm™’ on/g * cm™’ 7/ % w./ % w,/ % a/% I, Se/%
31.50~19. 00 2.719 2.682 0.40 5.2 0.6 8.3 — -
19.00~9. 50 2.724 2.718 0.59 13.9 1.6 12.6 - -

9.50~4.75 2.717 2.645 1.01 16.1 1.9 — — -

4.75~0 2.729 2.703 1.98 — — — 4.4 56

1.2 kiR

IR KR AT THE A O EER HAKRARAR AR P« C42.5 RIKJE., K EE
PEREFEAR . ANZR 2 Fim . R 2 Hees foo /o Rus o 1w, 43 51 D0 7K U8 &8 25 B 18] L B Fe 5 B L Be 3 o B L 41 3
Ko b EFR B K &
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Tab. 2 Main performance indexes of cement

t/min ./ MPa ./ MPa
%ﬁ NN " f f R15 ‘um/% wp/%
] 5t Lt 3d 28 d 3d 28 d
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F6r ) 2% S 355 445 34.2 47.7 5.4 7.8 12.3 26
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Fig. 1 Step-by-step filling vibration tests
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Tab. 3 Calculation of fine aggregate passage rate by i method

A Px/%

' [=4. 75 mm [=2.36 mm [=1.18 mm [=0.60mm [=0.30 mm [=0.15 mm [=0.08 mm
0.58 100 57.7 33.95 19.7 11.4 6.6 3.8
0. 60 100 59.7 35.9 21.8 13.1 7.8 4.7
0.62 100 61.7 38.3 24.0 14.9 9.2 5.7
0. 64 100 63.8 40. 8 26.4 16.9 10. 8 6.9
0. 66 100 65.8 43.4 29.0 19.1 12.6 8.3
0.68 100 67.8 46. 1 31.6 21.5 14.6 9.9

O S b R K Y 4B i OB 2 B0 R 500 FEANIR) @ GRINC A B R T4 R R e e 5 7K 3 KA B A
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Fig. 2 7-day unconfined compressive strength of cement Fig. 3 CBR test results of cement
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Tab. 4 Synthetic gradation of mixture

W/ %
P 1= = 1= 1= 1= 1= 1= 1= 1= 1=
31.50 mm19.00 mm 9.50 mm 4.75 mm 2.36 mm 1.18 mm 0.60 mm 0.30 mm 0.15 mm 0. 08 mm
A 100 70. 3 57.7 45.0 28.7 18.4 11.9 7.6 4.9 3.1
B 100 67.6 53.8 40.0 25.5 16. 3 10. 6 6.8 4.3 2.8
C 100 64.9 50.0 35.0 22.3 14. 3 9.2 5.9 3.8 2.4
D 100 62. 2 46. 1 30.0 19.1 12.2 7.9 5.1 3.2 2.1
E 100 59.5 42.3 25.0 16.0 10. 2 6.6 4.2 2.7 1.7
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Tab.5 Maximum dry density and optimum moisture content of specimens

NG w(CD) /% w(FAD) /% oa/ w,/ %
S1 1 0 2.370 5.1
S2 4 3 2.361 5.3
S3 4 6 2.329 5.7
S4 4 9 2.307 6.1
S5 4 12 2.265 6.9
S6 4 15 2.237 7.5
S7 4 18 2.202 8.2
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evaluation method for bridge images based on transfer learning and convolutional neural networks is proposed.
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Optimisation of Urban Charging Facilities Layout
Based on GM(1,1) Model and GIS

NAN Qimeng., YE Qing, LI Yue

(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract: In order to solve the problem of unbalanced distribution and insufficient utilisation of urban char-
ging infrastructure, GM(1,1) model and the spatial network analysis function of Arc GIS are used to optimise
the layout of the existing charging infrastructure. The grey prediction model is used to analyse the future
growth of electric vehicles, taking Xiamen City as an example, according to the data of electric vehicle owner-
ship from 2016-2023, 450 000 electric vehicles will be predicted by 2030, which is the basis for calculating the
total charging demand, and the total number of public charging piles demanded by that time is 64 490. Based
on data such as urban transport network, point of interest (POI) distribution, charging infrastructure, and
public car park locations, kernel density analysis and buffer zone analysis are conducted for initial site selec-
tion, and a minimum facility point model is established to complete secondary site selection. The model site se-
lection results are checked using Voronoi diagrams, and the capacity allocation is completed by the location al-
location model. The results show that by 2030, Xiamen City needs to build new charging stations at 16 public

car parks, and the overall expansion ratio of charging stations reaches 72. 89 %, the coverage rate is 99. 08 %
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within 3 000 m charging service radius, and 95. 41 % within 1 500 m radius, which basically meets the charging
needs of electric vehicle users for future travel.

Keywords: electric vehicles; ownership forecasts; charging facilities; Arc GIS; siting and capacity
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Tab. 3 Forecast of new energy vehicle ownership in Xiamen City from 2024-2030

BRI 2024 4 2025 4 2026 4 2027 4 2028 4 2029 & 2030 4
A5/ T 17.642 5 21.143 9 25.020 2 29.311 4 34.062 0 39.3210 45,143 0
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Fig. 4 Multi-ring buffer analysis of existing charging facilities
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Tab. 4 Candidate sites

%' R ZHE/O) /O i )& IX el
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Tab.5 Classification criteria of candidate sites for charging station construction
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Fig.5 Different impedance minimization facility point models
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Tab. 6 Site selection results for different impedance minimisation models

itz WA SR BB A0 RS2 1500 m SRR IR %248 3 000 m 3T HL B
% 35 78 H, 3 R /A4 62 454 544
Wb 3 7T HEL R a4 21 21 21
AN T HL B A/ A 95 95 95
E 3 78 L o B /A 566 192 102
BTl /A 587 213 123
B/ Y% — 95. 41 99. 08

PADA 3628 e S0 i AR Dy Rt 7 AN ] BHLAT fe /N Bt o 58 8 30 OXSH 7 DX 3oty s 4 DA i 2 .l R
—ZIX IR 900 m JE N C 58 4B - AR SR AR R s T X0 2 FE IR S5 R AR AE 1500 m i
W AT TE 2 Ak T T W 0 5 = R DX S R ST IR S5 ARTE 3 000 m Y LA AT AE 14 AR B
B e . HA L ANIE 6 R o RS X RE AL S R PTG vh X A LTl R AR S R
TREREIR W .

https: // hdxb. hqu. edu. cn/



190 A R e Al CA R B 2R O 2025 4F

2.4.2 FEof AFBRIRERA EBINEMS T REET "

XA TBUX B2
SR A AR A LA AR B0 L 2020 AR TT T BT RE IR 42 i uweoensnr
m=.0~10.53

HFERBELL Y 1.0+ 11,8, 5] 2021 4E R AR 1.0+ 10. 5,1 21950579
) 2023 BN 1 ¢ 15, iR RO HE T R W, i
2030 4F ST T B AR MR L S oRGAE 2 ¢ 1R IE AT 1 DAY 2las

G 3 ANEMBE I HBIHEATIIE . I S O K R SRR
7 B 0 BERREE EIST 2 2030 41T T A SRS RUBERO RE TR

o A1 5000/ ME G
0 il

B2y 70 1A 3k e b AR I 5 64 490 4, e
G B BT i X G 3 48 TS 9 25 SR CHO mEAE
SRRt 6P 0 0 AR S B0 P 1 2 Fle 0 Siee distribution

e K50 5 2% 70 v 3 20 TE 19 S P o SR H B AT ST A0 B o X AT S R it At S e R Al 1 3 R A R A
ST« B S A5 0l 23 BE B A AR

P G T A T 0 v s B A AT X I 0 BE A OSSO 3 000 m R /IMEBEEAR B> 1 500 m ik
B TG VS IR > 1 500 m e/ IME BRI AL . s P LA 1 500 mo Sy BT . e R A0 B o Y Rl A Y 2% i 3 2
A BV 1 A S R 3l A B AR I X T R SR 14 20 E B i 1) T S B /0N A it A TR DU B 1) T R T
28 2l i A7 AE 5 ABE S Y RO 25 P8 R B TR, TR A T 2 IR R A e A o TE LSRRl I
ATS A T 73 2% i A ok — TR PP g T A T G I T 2 0 E R 22 B A% il

255 76 FL 0t P LSS I 7 Rl AU S AR S L SR AN T R . AR T AL BTN X
R T8 HL B A LI AE 60 0 LA b o o & XA 10 90 ~ 30 Y0 1) 38 AL 3 5 e AR AL A R SR T
LRI 5 32 BT 78 A ATE B a2 ) 0 3ty R 8 v it ALk 5 I 4 S PR A SR B A R 0 T v R SR SR
A 3 78 R it A 5 S

T OFEHR AR

Tab. 7 Capacity allocation of charging stations
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Traditional Village Buildings Rent-and-Maintenance Model
Under Background of Rural Revitalization
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Abstract; To explore effective models of the village building protection and utilization of traditional villages
under the background of rural revitalization, taking Chengnei Village in Jimei District, Xiamen City, Fujian
Province as a case, the operation and protection development practice of buildings rent-and-maintenance are
studied. The results show that the key of the traditional village building rent-and-maintenance model is the
clear transfer of usage rights and responsibilities, and public-private partnership plays key role in it. Profes-
sional empowerment provides solid guarantee, and flexible protection methods own wide applicability. Efficient
project integration and collaboration promote the continuous operation of this model.
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Early Warning of Thermal Fault in Turbine Generator Stator
Winding of Landscape Dynamic Network Marker

ZENG Sijia, FANG Ruiming, PENG Changqing,
ZHUANG Jienong, SHANG Rongyan

(College of Information Science and Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: The outlet water temperature monitoring points for each stator slot in the steam turbine generator
group distributed control system (DCS) are mapped to nodes in a complex network, the thermal state of the
stator windings can be observed based on the steam turbine generator DCS monitoring data. Based on the time
series characteristics of the DCS monitoring data, the landscape dynamic network marker (L-DNM) method is
introduced to calculate the specific Pearson correlation coefficients of each node in the network to construct spe-
cific differential networks at different sampling times. The dynamic changes of each node in the network are
quantified for the purpose of fault prediction. Subsequently, critical nodes with abnormal increasing tempera-
ture are identified to construct a dynamical network marker (DNM) for fault location identification. The re-
sults show that the proposed method can achieve early warning of faults and localization of abnormal slot posi-
tions.

Keywords: steam turbine generator; stator winding; thermal fault; landscape dynamic network marker; fault

detection; fault localization
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Heterogeneous CNN Accelerator Based on
Hardware-Software Co-Design

XIE Zhihao'*, LI Guogang'*

(1. School of Information and Engineering, Huagiao University, Xiamen 361021, China;

2. Xiamen Key Laboratory of ASIC and Power Semiconductor System, Huaqiao University, Xiamen 361021, China)

Abstract; To address the challenges associated with the efficient deployment of convolutional neural network
(CNN), a heterogeneous CNN accelerator based on a hardware-software co-design is proposed and validated on
the YOLOv4-tiny model. The heterogeneous system is built with an advanced reduced instruction set machine
(ARM) processors and a field programmable gate array (FPGA). Through high-level synthesis (HLS), the
computational units that can be executed in parallel are mapped to a register transfer level (RTL) intellectual
property (IP) on FPGA. The ARM processors manage the collaborative operations of the system and the
scheduling of the IP core, ultimately achieving acceleration of forward inference. The results show that the het-
erogeneous CNN accelerator operates at a frequency of 130 MHz, with a power consumption of 2. 809 W and
an inference speed of ms,achieving a throughput of 13. 40 GOPS. Compared to desktop graphics processing u-
nit (GPU), central processing unit (CPU) and mainstream embedded Al acceleration platforms, the proposed
design achieves a favorable balance between inference speed and power consumption, while significantly impro-
ving key performance indicators. The designed heterogeneous CNN accelerator demonstrates excellent per-

formance in edge computing scenarios and meets the requirements for practical deployment.
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U Tz BN R . Bl A I 3 B R4 T R RE R R 1 % L AR R AR RS RE L 53 K Y
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I 6 AL 35 EJE Ak B8 58 (GPUD Al Hp g b 3 58 58 (CPUD S AR 3% 11 38 F 24008 R L DA% FH 4R A He %
(ASIC) R AR 2 1 4 5 il Akots F 1 DAL W] 4w B2 11 B 91 CEPGAD SR AR 32 1 2 5 il Akt - 45
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MRINAE SRR 5 . B AR FPGA N B0k M R BUR AR B ASIC O A o fHAE — 85 T F & J& 300 45 45 i 20K
I b B R N B AR AR TR B FPGA X8 b A7 a6 AR B MR IE . 6 4h . FPGA F E Y%K
FAE S AL HER (DSP) e LI 15 2% 9 9 7K 28 (Pipeline) 77 s AT CNN o il 36 vk b i 4653 S e 1. 45
ik , ARM il FPGA FE DAL FEAT 1 T 344 M S0 F 4 45 T L AT 2 3 38 s | 1 Il A2 B i T
TR, B ERET RS 19 Adaboost 553 B B EE 4R OF- &, R ARM &b ¥ g 52 30 A G A6 0 AT
% . Rk R ZYNQ G884 AR I R 48, FPGA St i #6005 B 2 ARM 35 A9 45 f5. Lu
SFUUFE FPGA RS2 B 1 AR CNIN I £ , SR 8546 52 SR W& B A1 R P9 R A0 1 U A7 7 . Bai 280
Xof VR BE AT 43 5 45 BRHE AT ke L i S AE AN R BB 9 FPGA | HLA T AT A b 45 M . Ma 2805 5% FI 6 36 J2 FF
FIE IR 4F HLs w11 T 0L F 348 4 2 5048 (SIMD) 22 44 (19 CNN i 3 28, SR 17 . b iR B 5% 26 0k SR A
ARM Kb #E£5 5 FPGA 528 CNN Jinsi &, I K456 38 A3 CNN 45 i 925 48 BUAT: 55 F it 35 %% 45 BT
55 1 R I 3

Sy — T I THMAR S H A — R LSBT Bk S M st B 8] 0 R P R 3
FALF AL P (RTL () FPGA SRR AT b i 4075 5 247 AR A7 78 B3 5 2% R AR 4 B
7T AS ) 068 4 R B P PR S B . FERXFP IS R 2T L R 2 IREEA (HLS) is Az . HLS J& —Fiot & 2%
VBT LE A B A A 1 (HDL) , i 42 it RTL 9 W = i B AR A% . Millon 2 435I 5k | HDL 1
HLS #3117 Sobel 1§ 4% , LAPEAl — 2 78 BR A0 H5k Jr i i PERE 22 57 45 SR 6 W HDL 3T 78 % IR
o7 FH 09 2 AEE 1 T LA — PR SR LT R R 2 HLS #h 3. 17 /%, Bk al W, HLS fig
i 5B CNN B 1 i Dt B 150

BEXE CNNH bR A 0 535 78 11 % i 3 5% 00 0 A 5 3R AR SCR I ACRE 1 By [m) 18 1 100 7 96 Al g 3 T
ARM-+FPGA [ 545 CNN il £ .

1 HEXEE

1.1 YOLOv4-tiny &%

M CNN H AR % F 24 2 . — 22 L R-CNNM (Fast R-CNN'fil Faster R-CNN
AR G B AR I T L B R A T S TR A A AHR A B 5 D — 2 DL YOLOM™ &40 AR
F 0 — B B H bR A0 5500 o M S SRR AR B B O TS T — i A 22 P A e 48 BB RS R Y AR I R A
PRSI B . 25 5 B AL B B 9 1R BE 1 0 45 O 2% B N BE R F 5 R S8 0 RAE il IR 1B R
YOLOv4-tiny 52 5 0E Fr Bt 19 544 CNIN i s #5%

YOLOv4-tiny BRI 254, & 1 Fros . BT W% CSPDark53-tiny H 3 4~ Conv_BN_LeakyRelu 5
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YA 3 4~ Resblock body et & m . H ¥, Conv_BN_LeakyRelu 404 — 4 £ FH (Convad) L4t
JH—4LJZ (BN) fil LeakyRelu # 15 5K %% ; Resblock body #3e i 4 4~ Conv_BN_LeakyRelu 3 (1 4>
Maxpool #E3RFl 2 4~ Concat #EHR# 5, 7E Resblock body #E ¥t 1, &y A Cin £ 44 Conv_BN_LeakyRe-
lul J543 W 3%, — % 8 routel , B —F £33 Conv_BN_LeakyRelu2 4 3| route2 ; route2 5 H £33 Conv_
BN_LeakyRelu3 1 %y H 35 47 18 18 $F 32 (Concatl) J5/E N Conv_BN_LeakyRelud 1 %i A , 315 3] feat;

feat 55 routel %3+ i il P42 (Concat2) J5 £ A Maxpool , 15 51| & 4 1
CSPDarknet53-tiny

inpui(416,416,3) ]
[ Conv_BN_LeakyRelu(208,208,32) |
YOLO Head
[Conv_BN_LeakyRelu(104,104,64) | Conv2d(26,26,class) ¥ Coutl
Feature Pyramid Network(FPN)
[ Resblock body1(52,52,128) | feat] Concat(26,26,384) H»{Conv_BN_LeakyRelu(26,26,256) |
/)
[ Resblock body2(26,26,256) | | Upsample(26,26,128) ]
v YOLO Head
[ Resblock body3(13,13,512) _H [Conv BN LeakyRelu(13,13,128)] || [ Conv2d(13,13class) |9 Cout2
[ Conv_BN_LeakyRelu(13,13,512) H Conv_BN_LeakyRelu(13,13,128)|H#{Conv_BN_LeakyRelu(13,13,512)|

(a) FER 2

. 2Cout 2Cout
Cing | Conv BN_ |Cout’2 | Cony BN_ |COU2 | Cony BN |Cout/2 Cout ["cony BN |COU
— P _BIN_ _BIN_ —>_ |—PpC t1 [—Ppf Fa s Concat2, M |
LeakyRelul LeakyRelu2 B LeakyRelu3 oned LeakyRelu4 |¢oqt ——
= c
= =1
E 2
= > Cout/2
Cout

(b) Resblock body %k #4
B 1 YOLOv4-tiny %1 25 ¥4
Fig. 1 YOLOv4-tiny model structure
HfE 47 4% (FPND i 2 > Conv_BN_LeakyRelu #3k (1 4~ Upsample B3 il 1 4~ Concat £
¥, CSPDarknet53-tiny f i )5 — )2 A SR feat2 £33 2 > Conv_BN_LeakyRelu ## J5 % A Up-
sample HEAT L RAE A th 25 3 FF S5 AT — )2 A RUFFE RP Resblock body3 iy AL Hif #71E featl #E4T Concat

#AE. Kk (YOLO Head) i Conv_BN_LeakyRelu # 5 Al ] . .
Conv2d ¥ %, YOLOv4-tiny #58 &4 2 4 YOLO Head, 4 Gl g_

i Coutl A1 Cout2, HAEBE 4353 J (13,13, class) M (26 g e ——3H —~. |

26, class) , H:Hr, class /R B 45 B9 2R 5 8 d | P >y|

1.2 BERGERE - |G )| Caaa )|

LS 4 55 2 K FEE W 51 RTL 260 %03 B gk e e [Exm] |
B B R B B BRI AR S8 B A 2 R . TR BE sliie | (osraseD) | (BsessmD)
4 e v 3 RN 8 B e HEAE 2 A I B B P9 58 R 0 4R 46
SE W BE U)K 36 26 15 5 40 1 B ek g RN £8. FPGA J E 1Y B2 HLS M E
DSP48E1 ifﬁj—‘ﬁﬁi%ﬁ-ﬁ?ﬁﬁﬁi{*;@/ﬁ%ﬂ@ CPU., REtB 15 Fig. 2 Scheduling and binding of HL.S
1A I R399 P9 52 T B RN 38 5 . DRIt 16 I BR 4 5E I B iy DSPASEL ¥ 58 AT F RV 1 12 S5 B4

2 5H CNN finisE 25 4R 4 b R 1%

2.1 TRt

SRR G T2 BT 420, & 3 B . ARM Ab B 2% 2 A8 28 G2 i v o s ol B0, i o b 9 0 9
i #2210 B G B0 58 L L A B AT 55 R B AR AL D DI RE L B IR R G AR A I E RS 1T . FPGA St il
IP AR IR T AR e B % s 6 B e Kb Ak B b oRBE S50 T 00 . sk TP /B A B b B 4% . i ARM
Wb FRESHE AR S K F)
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HE ey AXT HP Kl 19 AXT GP., H b, AXI ARMUGEZ IR
HP 2% 1 7% i e B0 i i AXT GP £ 221 5 4% _{ alall | S || v || e ]
R |\ = m A
2) HClSE AL A BUR G B A AR I\i L J2L |2
eI 6 0 0 0 1 0 B985 8] AXI IFMLOAXT. % o 2 [ |
Wi AXI_Bias % AXI_OFM, [ iff [ e BB BE Py 2| — '
BTHBHGHERSH b %) RNk P RO ERE | 5 E ( 5 /“;j\ |
% W3 i AXIT GP {54 |@ s~ e |
3) WAEE AL, S R GR M M-S 7 1 AT
=R HL AT O AR (b e e e b pe gt Lttt L el R
WA . ARM A3 9855 40 6 47 B (SD o 7 i (1) B 3 DURBE
TN E) 347 (DDR) o, JF 3 i £ 4 2% 47 (Deache) ff Fig.3 Top-level design architecture

fith . BCHERCHE 5 1T AXT HP 335 FPGA B 27X
Cx _bufD , #F 1M L Z 5L XS 5B AT 55 . b FRAE R BE 2843 Deache-DDR 355 1] SD .

D L5 . YOLOvA-tiny SR & R FZR BB o0, N, ARM b B 283 o 1436 1153 4%
SH b AR HEB T (k=3) (B S ER (k=1 e K ik (k=2) 3 b RFEHIT (k=0) , FE AT Ik 11
B e B 2 U FINEE TP A% 52 BRI 1] HE 0
2.2 FPGA inE& BT
2.2.1 ARG E BB BT G4 T CNN A i 4 R 90% DL E it
G A THE B R T T 7 . B ARRIE B M 4E N N, X N, XN, 5 BV 48 5
N,y XNy X Ny XNy s B RK R s s, W AR B 4EE N N, XN, XN, HAFFEMN T X R

N,=(N, —1)Xs,+ Ny, (1
N, =(N,, —1) Xs,+N,, (2)

HLS i1 R Z & for MR EBOTH A 4 Fia. CNN HFAEFE 4 FOF17 0B 4040, 56
AT VA TE RO i A PO T OB E DI T, B4 R 5~6 4T 5 A 1T B 1 ATAR
T 43 S0 E R 3 Al IFAT I AM . 58 1.4.5.6 AT A 43 )5k [ 4 AU 1) i LG L AGE A L R
JE B Ve RUBE Sy, Xy X ke, X ke s T 5 1~ 3 A7 AR D0 s 75 s R A0E 11 09 45 20 B2 5080 e RUBE S m, X
x X yo I PS4 B 0 B0 2% AR U ARRIEE] b n X [(x— 1) Xs, -k, X[ (y—1) Xs,+k, |
MEE LB T 0, X n, Xk, Xk, ARCEAA  FF AT Rnis 5.

Z MR H B 5 Oy BRAM 854, ifF i #9 i FPGA B F A7 X, il i BRAM ) 75 i [R
il s Xt B 2 AT B Ak B iy A B Ay Bk T Vi E TE Sy H ok T, VAR AR B B e s S T,
BEJE R Tow s 3 I RE ny om, vy B AL AL BESR EED . [ B, 3 5 785 )2 UK #§ 4 HLS Array Partition X%} £
R 14 S Y FESEAT U 43 o DT B B i) SR B R A T AL B

Algorithm 1 Convolutional Operation using for loops

1: for (n, = 01, < Nos; no + +) do
2 for(y=0;y < Noy; y++)do

3 for (z = 0; 2 < Nyz;  + +) do

4: for (n; = 0; n; < Nis;n; ++) do

5: for (k, = 0; ky < Niy; ky ++) do

6: for (k; = 0; kz < Niz; kz + +) do

7: Pizelofm(no; x;y)+ = Pizelipm{ni; ( — 1) X 8¢ + ka3 (y — 1) X sy + ky} X
Weight(no; ni; ka; ky)

8: end for

9: end for

10: end for

11: Pizelofm(no; x;y) += bias(n,)

12: end for

13: end for

14: end for

4 ZE for AR REBRITE
Fig. 4 Representation of convolutional computation using multiple for-loops

2.2.2 BRFARMLEMN HRHEITIHEEM . AE S Fros. R AEER 73 P35 o H 0o 8O K
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Ty X Ty X Ty BIM ASRIE B A3 B Je REE R T, X Tiy X Now XN, BB R A3 e, B AR &7 A
T 66 ) Fe b ik (baseaddr) 7 ¢ X Ny X Ny +row X N, +col, Ho i, c.row Fil col 43 51 3 7 Ty A FRAE E Y
WIHRG BRI R SR i BE T i (rowolfset) O Ty, X Ny, » 13 2117 247 X 19 1 7
Hodik 24 in+ baseaddr+rowoffset+ T, » FHoH . in 38 18] % A 247 X GIm_bufD) (9354t . 76 B3,
i e A GG i (FIFO) K 725 fE#% (Regs) B3k B ARM i (U BURE A FPGA F F G HEIX . MG AR ST
fi A A7 I RUBLTE G171 G t_buf) ot 0 5O 0 59 BN BT 1 5E48 S — 3 A LeakyRelu 3% o
e . T 58 AR RAVE WIS o SRS R ER 0 ) i 1 B 0 i (bias) o di 28 A JRCAY a4 AR 8T B [l
2% H ZEAE X (ofm_bufD) .

IFM input buffer
N | ifm_buff[0] ] output buffer
ifm_bu
_EY 7 ck2  clkl clk0 [ofin_bufr]
Tk | ifm_buff[1]
Ty, | :
T 1T ifim_buff[T,~1]
T[] T >FIFO2
712115116 /8 [ 6 [ 5 [ 4 | — —
oy 7 8 0 [ wi bunono;
T{,f if Ny,
: wt_buff[0][1]
123 7 .
41123 | :
17456 wt_ buff[ T, 1T,
7 8 9 e
Weight weight buffer

5 BIRHBITIHERM
Fig. 5 Computing architecture of convolutional units
2.3 ARM iz liE Eig it
ARM i #55  J FE A e i AR 1, s 6 B
Frin
G SD R
ﬂﬂﬂciﬂu/\ﬁhﬂ:
. BCEARE
Wi ALCBLE T
WAL A7 AR

BT AXTHE 1
PR 2%

(LG
Conv_BN_LeakyRelu
PRI

P 6 ARM sy 4 i i B 2 e o it 16
Fig. 6 Program flow chart of controlling and scheduling on ARM

D ¥1h6 4k SD RS R, & 50 O 8Os S A RS . 4555 6k A BN 2 T A oAk B
IR HAF B HARBCA b TR B vp R i OB 5y e 80 T i — 2B IR FPGA 13+ 5 1 28,

2) AT REM 4%, Conv_BN_LeakyRelu #HJE YOLOvA-tiny #574 (i) BLafi 20 s o0 U
7E X Conv_BN_LeakyRelu &%, 347 4 A6 F 1] 4 38 R 5 M8 S 807 s %L, @ i #E & Conv_BN_
LeakyRelu e, 5 1+ 2 1y o) 5 38 W 4% . b 4h . CBL 88 i 48 B AR BLAE W 0 I - — O I - 900 4R AL 5030 2
A7« DT ZRIBCON A7 5008 09 BE b bk i B8 b bk K hn e TP A% 09 BiC B OIR AR 55 5 o — 7 T, e i AXT, DLz i
ARM 2388 5 FPGA XU 9 113308 15 . 3048 76 1 ] 4 21 R % b 2 A CBL 88k, A4 pl b ) 3 55
e e S NTTE oI =y =R A

3) PUATH I AERR . WP BT I 1] 4 P 4% AR I R R O I TSR 5T, DT S B ) A HE
. TR RBP4 R A 1B S i Al R P RO 2 DA S SR AT AR RS AR . A L i
fEE 5 16 #E %k OxIflfffe0 By AL BEAE 88 PR ECHE XS 5 . 5% J5 .38 3 Xil_DcacheFlushRange R4l
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Xil_DcachelnvalidateRange P& ZCE 50 3E M\ Deache il#i 3] DDR #1, 313 8] SD +, bt B2 7 ARM
Qb P8 5 32 A 2 ) BH A% o v — B0k .

3 XBWEREHH

SR
i ZYNQ 7020 Syt 4, B8 H R Xilink XC7Z020c1g400-2, K 6 #0 12 45 F Intel
i5-12490F CPU 1 Nvidia RTX 3060(12 GB)GPU, f#i F§ Dashcam""™ ${ 4 £ , Ho b $5 ) 434 16 200
K VIR IEAR 1 800 5K (AR 2 000 5K,
3.2 RJiREEM
SR T RS A VSR FETE B0 g 1 TR . 1 . DSP 32 B TR E A B T B TR R RS AN
# %R 96. 8200 s BRAM B FH @8 (7 X . F %l 70. 36 %0 FIFO 22 FF 2% 47 s i
Foh 46.53%,

3.1

1SRN AR 0 BT IR T ARG A
Tab.1 Resource consumption of heterogeneous accelerator
4R TR WRAE  WEMAE  WEMHR/ % || ZERE Ve MR WEMHE WIERMHEER/ %
LUT 53 200 37 815. 00 71.08 LUTRAM 17 400 6 984. 00 40. 14
FIFO 106 400 49 511. 00 46.53 BRAM 140 98. 50 70. 36
DSP 220 213.00 96. 82 BUFG 32 1. 00 3.13

3.3 XfLb=xE

AFEAEAEF- & CNN s & B PEREXT b, a0 3k 2 o . B 568 i 5 2 i s GPU(RTX 3060) Fl
CPU(Intel 15-12490F) By Xf bl LA H , 48 CNN 5 45 19 4 B B2 29 2 Intel 15-12490F CPU [ 28
f . R4 S CNIN T 8 28 0 4 B8 2 5 T R A2 RTX 3060 HINFEAL R H 7. 2%, S5 4h, i & 7E
(AR B A 485k 25 Dy T R LA G 2 30 Gk s i o R . R B SR CNIN i #4845 [ B 3% ARM 4 3
ar i A ALINEF- & 474 . SCERC18 ] 48 B 748 ASUS Tinker Edge R 5 Google Coral b #%
2w 2% MobileNet-v2 4 REFS Fr. R4 ASUS Tinker Edge R 5 Google Coral 7E # 3 33 & J7 1 b%
BT S48 CNN I AF 3k Ff 0L #5008 F Ho il 4k 9 AT (NPU/TPU) . 1641, ASUS Tinker Edge
R 5 Google Coral Bt T 3 45 8 &5 1Y ARM Ab B 28 K 0 i oty (1) A7 . Z s, SOk (19 175 ik A =X i
GPU(Nvidia Jetson nano) F#B%& YOLOv3-tiny #5AY , FCAfE 38 5 B2 (09 A0 X 08 2 R AR IR B @ B2k iy 2
¥ GPU, WAL, B AT i F & 447 CNN 53 B A5 1 1 e 2R AR T PN 3488 e iy 168 128 1) 5
Fro BRI, XA A] ik G b5 R 1 O & M DO RE TR 4 .

%2 RREBECEEA CNN k22 g Xt

Tab. 2 Performance comparison of CNN accelerators on different hardware platforms

WilEW WA WE#9%  EH/GH. DR iLH B MR /ms /W
Hk[18] Asggg;ri}gker ARM fﬁfj&x 1400 Y %%If%?%%/ MobileNet-v2  153.00  7.500~7. 800
YHk[18]  Google Coral AAR;;A ﬁf?&x 1.500 1@(}113655113/?}11{3 MobileNet-v2  277. 00 —
XHR[19] N"idri; Jetson é\R;;A fg;%x 1. 430 4@(315655 DY YOLOvsting 125,00 10. 200
i RTX 3060 GPU 1.780 %51(2%50]31\35{; YOLOvd-tiny 3.06 39. 000
X Intel 15-12490F  CPU 3. 000 2.924%130131\?1%41 YOLOv4-tiny 14 255. 70 —
Xt ZYNQ 7020 A@ﬂ%gﬁi" 0.766 %@(5}53131\1/?11—{1? YOLOvd-tiny 51100 2.809

L FPTIR L SAl CNIN I 45 5 A 48T w5 RUAR B BE 7 51 5 L 17 2 i HILS o 530 3 W S L 465 2|

FPGA ¥4y FR ELi 19 DSP 850 b s A7 3 H 58 . geoh . A CNIN Jinis a8 1 i ARM 40 7 25
R4 ] 8 BE VR RE A A T T RE 5 ¥ L UM IR] AR B S A AR AR S L AT 7 [T AT B 41 TIC A A S B ) 2% AF
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T T AR S PRI R A AL .

SEAE CNN i s 5 HoAl SCak i b, e 3 firm . 38 3 e ir g TAE¥ 36 F ARM+FPGA H 44
ZOH 5 A kSR ON AR () R 5 R R RO B L R O B BT i T R 0 B s RE A L O A
I % 5 R Y LR R T 8 1 4 003 35 3003 s DSP 303 Sy A vk 38 5501 6 DSP $f 9 L AR o 7 m
A RACFREE . B3R 3 WAL ARER T SCHRL20]~[24 ], 54 CNIN il i g 76 #fi 3 o B2 L AR A% LL L Bk 3
J DSP %R 5 J5 W ¥ B T R 2 MR Tt 5 Sk 23 A0 . A CNIN Jin 3 25 1) #fE 2 ol 3 4 = 24
3427 % ;5 3CmR21 ] [24 JHH He» 524 CNIN Jinn s 5 1) BB 85 L 43 3 2 w85 17 249 44096 .48 %% 5 5 3Cik 201,
[210 (22 40 1, Sk CNIN i 25 09 8 k56 43 ) 4 w8 29 4704483 %0, 130 %0 3 5 SCHR[ 22 T4 L . = 44
CNN i 28 19 DSP 8% R TH T2 113%,

%3 5K CNN I 28 ¢ AE Xt e

Tab. 3 Performance comparison of heterogeneous CNN accelerators

fesli b/ DSP 2%/

WitR® BT A g HERED e apew IR BRLES GoPS™Gops -

w! DSP !
SCHERL20] ZYNQ 7020 YOLOv3-tiny 100 fixed-16 2. 141 613 9.12 4,260 -
YHEk[21] ZYNQ 7020 YOLOv5s 150 dynamic fixed 2. 600 1 300 2. 30 0. 884 —
SCHR[22] ZC702 YOLOv5s 100 fp32 2.508 — 5.83 2.320 0.029 6
SCHk[ 23] Zedboard YOLOv4-tiny 100 dynamic-16 2.384 18 025 — — —
SCHk(24] ZYNQ 7020 YOLOv4-tiny - fixed-16 2. 860 376 9.24 3.230 -
S ZYNQ 7020  YOLOv4-tiny 130 fixed-16 2. 809 511 13.40 4.770 0.063 0
4 HFRiE

B T B AR PR IR B i 5 ik, LB T SR CONIN I &% IF 72 R T YOLOvA-tiny b #4755
E. SEER AR R W] BT i A CNN s 4% 76 D FE S5 PR RE DT T IS T KL 47 1 -4 . 7E 201 53 S 3 v
HAREMHTIEE L5 R A .
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Clinical Value of Multi-Slice Spiral CT for Long Bone
Osteosarcoma Diagnosis in Adolescents
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Abstract: 21 patients with long bone osteosarcoma (OS) in adolescents diagnosed by biopsy or surgical pa-
thology from May 2021 to May 2024 were selected as the research subjects. The multi-slice spiral CT (MSCT)
was used to evaluate the imaging features of tumor location, tumor volume, bone destruction degree and peri-
osteal reaction degree, and the accuracy rate of MSCT in diagnosing long bone OS in adolescents was evalua-
ted. The results showed that the accuracy rate of MSCT in diagnosing OS was 90.5%. There was no statisti-
cally significant difference (P>>0. 05) between the imaging features of OS and the surgical pathological diagno-
sis results. MSCT could display the imaging features of OS more accurately, which is helpful for preoperative
evaluation of tumor grade and stage, tumor volume, boundary and invasion degree, and provides reference val-
ue for personalized surgical treatment plans for patients.
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Meta-Analysis of Efficacy and Safety of Olaparib in Treating
Platinum-Sensitive Recurrent Ovarian Cancer
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Abstract; The clinical efficacy and safety of Olaparib in treating platinum-sensitive recurrent ovarian cancer
(PSROC) were evaluated systematically. The randomized clinical trials on Olaparib and single-agent chemo-
therapy/placebo in the treatment of PSROC were collected by searching relevant studies in public databases.
Ultimately, 14 articles were incorporated by Meta-analysis using RevMan 5. 3. The results showed that the

clinical remission rate, disease control rate, and progression-free survival of patients in the experimental group
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were significantly better than other single-agent chemotherapy drugs. The incidence of adverse reactions such
as gastrointestinal dysfunction, bone marrow suppression, neurotoxicity, cardiotoxicity, and alopecia of pa-
tients in the experimental group were significantly lower than other single-agent chemotherapy drugs. It is in-
dicated that Olaparib shows good efficacy and higher safety in the treatment of PSROC.

Keywords: Olaparib; platinum sensitive recurrent ovarian cancer; clinical efficacy; Meta-analysis
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2.1 XHHREERSANIHBERESE

K RAGH) 1 466 5 SCHk  HERR A2 SCHRE W14 A 330 B . ad B H A0 B HERR 254 B L Bk Ab,
HEBR 12 Wi A BH 25 G5 B A 4 20 58 VISR N AR TC 6 11 F DA PR AR 31 52 0 B 10F 9 4 Sk, Je 28
AN 14 R SCHERIEAT IR IE T . BRGRILEE R 3 431 Bl L Hdh I 4L R 2 409 B X HRGLEE 1 022
B, SR IR 7204 T RABLAJE . AR NOS PEAR AR E . 40 14 55 SCHR 8 Sy = 5 i A 58 SCik
2.2 AN I B IR T RUEE BF

ANARY 14 F STk SCERC7-8 oA SR FH B AL 7 50 3R 47 43 e, STk 7, 9 W B =R S 7 4 T e 7, STk
[7-10, 18,20 4 H ¥5 S 1t )5 8 AR AT R GE UL BT L H 14 5 SCHR A9 B0 35 45l 52 2
2.3 Meta DR
2.3.1 ORR 3CHR[8-10,13,18,20 ki 1 ORR, ¥ K ik 55 40 £ 35 348 {5 Fn ) R ZH f8 3% 280 i, 5%
A & G2 R (P =29% .+ =7.06,P=0.22), [Ht, R E E %087 00, 45588
RIS ORR B2 5 F X 41 (OR=1. 85,95 % CI(1. 32~2.60) ,Z=3.56,P<C0. 01) , 7 B #f
BT HATRYT Iy = BB AN R /N T A AL, ORR W #RARIE, W& 1 o,

Experimental Control Odds Ratio Odds Ratio

—Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% Cl| M-H. Fixed, 95% CI
Colombo 2022 6 41 9 41 158% 0.61 [0.20, 1.90] =
Penson 2020 109 151 37 72 288% 2.45[1.37,4.40] -
Perez-Fidalgo 2021 5 20 9 31 109% 0.81[0.23, 2.92] - 1
A 2021 21 40 12 40 11.8% 2.58[1.03, 6.46) .
AR 22020 25 48 15 48 14.8% 2.39[1.04, 5.50] —
#2020 22 48 16 48 17.9% 1.69[0.74, 3.87] 5 -
Total (95% CI) 348 280 100.0% 1.85[1.32, 2.60] <&
Total events 188 98

Heterogeneity: Chi* = 7.06, df = 5 (P = 0.22); I* = 28%

Test for overall effect: Z = 3.56 (P = 0.0004) i i L o e

Favours [experimental] Favours [control]

K 1 ORR B FRME
Fig. 1 Forest plot of ORR

2.3.2 DCR 3CHR[8-10,18J4ti& T DCR, ¥ S il B0 41 i & 156 5 Fxt B4H /3 167 451, BRI R &
MG F R FAE (P =0,5"=0.02,P=1.00), Pk, R H] & ROM AR FE AT 70 . 455 s il g 4
BF M DCR % 5 TR (OR=2. 68,95 % CI(1. 56 ~4. 60),Z=3. 57, P<C0. 01) , 3 W A %} T H A
167 7 30 BAEMA e e At i e 1 JRE AN B ve A A 3 B T BE AT AL DCR I ERARIEL a0 8] 2 Fvs

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% Cl| M-H, Fixed, 95% Cl

Perez-Fidalgo 2021 18 20 24 31 11.3%  2.63[0.49, 14.17] ¥ ’
%A #2021 33 40 25 40 26.2% 2.83[1.00, 7.98] L
B 52020 39 48 30 48 33.7% 2.60 [1.02, 6.60] -
$%°1-2020 41 48 33 48 28.8% 2,66 [0.97,7.29] bl
Total (95% Cl) 156 167 100.0% 2.68 [1.56, 4.60] ~i—
Total events 131 112

e Ohi2 = = = C12 =00 I + + {
Heterogeneity: Chi* = 0.02, df = 3 (P = 1.00); I’ = 0% 01 02 05 1 2 5 10

Test for overall effect: Z = 3.57 (P = 0.0004) Favours [experimental] Favours [control]

Kl 2 DCR i BbkIE
Fig. 2 Forest plot of DCR
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2.3.3 PFS 3CHR[12-16,19-20 B 58 A K BLG i # R RPE (1" =0,5"=3.76,P=0.71), N, %
FH 5 SO SRR AT e b . 25 R R L iR 4L R E 1Y PES 835 T R4 (HR=0. 68,95 % CI(0. 59~
0.78),Z="5.40,P<C0.01) , RUIAHEK T HAMIE T I7 2o BALWA e 78 1 K 8 & A ot 2 119 A A7 I 1] 7 17 5
HA R, PFS ARMELE 3 FiR .,

Hazard Ratlo Hazard Ratlo

_Study or Subgroup  log[Hazard Ratio]  SE Woeight IV Fixed 95%Cl IV, Fixed 95%Cl
Colombo 2022 -0.2744 0.2136 11.2%  0.76 [0.50, 1.16) e
Ledermann 2014 -0.6162 0.236 9.2% 0.54 [0.34, 0.86]

Ledermann 2016 -0.3147 0.1445 24.5%  0.73 [0.55, 0.97] —
Matulonis 2016 -0.3147 0.2468 8.4%  0.73[0.45, 1.18] —_—T

Oza 2015 -0.6733 0.2069 12.0% 0.51[0.34, 0.77] e —

Penson 2020 -0.3711 0.1852 14.9%  0.89 [0.48, 0.99)

Poveda 2021 -0.3011 0.1608 19.8%  0.74 [0.54, 1.01] —

Total (95% CI) 100.0% 0.68 [0.59, 0.78] >
Heterogeneity: Chi* = 3.76, df = 6 (P = 0.71); I = 0% ’0‘2 ofs . 2 5

Test for overall effect: Z = 5.40 (P < 0.00001) Favours [experimental] Favours [control]

5l 3 PFS iy FR k&l
Fig. 3 Forest plot of PFS
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 85% Cl MH Fixed 95%Cl
Oza 2015 81 81 73 75 35% 5.54[0.26, 117.38] ’
Pujade-Lauraine 2017 181 196 94 99 71.0% 0.64 [0.23, 1.82) ——
HHE#E2020 16 19 27 28 256% 0.20 [0.02, 2.06) e
Total (95% Cl) 296 202 100.0% 0.70 [0.30, 1.62) -
Total events 278 194 ) ) ) .

Heterogeneity: Chi* =291, df =2 (P =0.23), P = 31%

Test for overall effect: Z = 0.84 (P = 0.40) s e ! i L

Favours [experimental] Favours [control]

B4 SRR 5 A ALY 24590 0 SR BL R % A R A AR AR
Fig. 4 Forest plot of total incidence of adverse reactions between Olaparib and other chemotherapy drugs
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(0.15~0.95),Z=2.07,P<C0. 01) > IE &4 (OR=0. 37,95 % CI(0. 14~0. 93), Z=2. 11, P<0. 05) &%
Wi & (OR=0. 33,95 % CI(0. 15~0. 73) , Z=2. 73, P<C0. 01) % 4= I B A% T H Ak yr 259 . SR, R
FH BB BB 1 T T BE 3455 (OR=0. 55,95 % CI(0. 22~1. 35),Z=1. 31, P=0. 19) fl 3 f§ 2 )%
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Experimental Control Odds Ratlo Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed. 95%Cl
Ledermann 2014 132 136 19 129 38.0% 2.77[0.85, 9.08) T
Ledermann 2016 53 64 9 10 283% 0.54[0.06, 4.67) .
Pujade-Lauraine 2017 191 196 94 99 33.7% 2.03[0.57,7.19] I
Total (95% Cl) 396 238 100.0%  1.89[0.88, 4.04) -
Total events 376 222 .

Heterogeneity: Chi* = 1.72, df = 2 (P = 0.42); I = 0%

Test for overall effect: Z = 1.64 (P = 0.10) o 0.1 1 10 100

Favours [experimental] Favours [control)
B 5 BRI JE 5 22 B 09 SO RS R AR 3 1 AR AR R
Fig. 5 Forest plot of total incidence of adverse reactions between Olaparib and placebo

2.3.5 MEARiLHe It R R CAL25 fl HE4 BAh MR ARICH . 4550 B IR A B H00A e (1 i
CA125CF# 25 MD=—14.64 U « L™',95%CI(—18. 74~ —10. 54) ’X2 =38. 31, P<C0. 05) fil HE4
(MD=—42. 63 pmol « L™',95%CI(—68. 70~ —16.57) ,5* =30. 12, P<C0. 01 {7k - ¥ 4 T H: fb fby7
G W TR CAL25 FI HEA J2 0P 8108 A9 5 SR W bn B9, AT 7K 7 28 A Rl LSz B 5 19 %2 &
GURTER R €8

25 BT AHECT oAb ALY 251 . BLRLIA JE T RE S A S5 A ) T R A4 A R TR X R R S
PR . LT IR AR S 5 IR SR A 6 PR .

Experimental Control Mean Difference Mean Difference
~Study or Subgroup __Mean _ SD Total Mean SD Total Weight IV, Random,95% Cl IV. Random. 95%Cl
4.21CA125
faA #2021 3525 4.28 40 4672 451 40 40.6% -11.47 [-13.40, -9.54] -
52020 33.52 10.61 48 50.32 11.09 48 29.7% -16.80 [-21.14, -12.46) i
%2020 3352 10.61 48 50.32 11.09 48 29.7% -16.80 [-21.14, -12.46) -
Subtotal (95% CI) 136 136 100.0% -14.64 [-18.74, -10.54]

Heterogenerty: Tau* = 9.82; Chi* = 8.31, df = 2 (P = 0.02); I = /6%
Test for overall effect: Z = 7.00 (P < 0.00001)

4.2.2 HE4

a4 2021 12863 7.25 40 150.38 7.84 40 36.0% -21.73[-25.04,-18.42) =
52020 1236 31.52 48 178.01 4622 48 32.0% -54.41(-70.24,-38.58) —a
#2020 1236 3152 48 17801 4622 48 32.0% -54.41[-70.24,-38.58) —a—
Subtotal (95% Cl) 136 136 100.0% -42.63 [-68.70, -16.57] i

Heterogeneity: Tau? = 487.87; Chi? = 30.12, df = 2 (P < 0.00001); P = 93%
Test for overall effect: Z = 3.21 (P = 0.001)

~100 -50 0 50 100

Favours [experimental] Favours [control
Test for subaroun differences: Chi# = 4.32. df = 1 (P = 0.04). I’ = 76.9% upe ] t I

B 6 I3 A R 0 G 5 4 R
Fig. 6 Combined results of serum tumor markers
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(t=—0.20,P=0.840)) JF'BEHHEEH 5 (t=0. 10, P=0. 92) M3 [ W (¢=0. 56, P=0. 63) ¥ ] 1] B {5,
(1 K Femfay o A TRIMIT 5 1] o oA 46 0 320 B S8 1) & R (1= —1. 31, P=0.19),
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Evaluation of Innovation Efficiency of Innovative Provinces
Using Two-Stage Super-Efficiency SBM-DEA Model

YAN Shengyan, HOU Ling

(School of Economics and Finance, Huaqgiao University, Quanzhou 362021, China)

Abstract; Using a two-stage super-efficiency SBM-DEA model, the innovation efficiency of ten major innova-
tive provinces from 2015 to 2022 is measured, the Malmquist index method and coupling coordination degree
model are used to analyze the dynamic trend of innovation efficiency and the coordination of two-stage innova-
tion efficiency in each province, and to explore the efficiency growth paths of various provinces based on two-
stage efficiency characteristics and distribution characteristics. The results show that Guangdong Province,
Jiangsu Province and Fujian Province had achieved DEA efficiency in both two-stage innovation efficiency and
overall innovation efficiency, the innovation efficiency in the commercial transformation stage of most innova-
tive provinces was higher than that in the technology research and development stage, but the TFP in the com-
mercial transformation stage of each innovative province was lower than that in the technology research and de-
velopment stage, the overall development coordination of the two-stage of each innovative province was rela-
tively poor, and the efficiency improvement paths of most provinces tended to focus on the increase of technol-
ogy research and development efficiency.
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Tab.1 Innovation efficiency in technology research and development stage of innovative provinces from 2015 to 2022

U:( )><o. 99-+0. 01, (0

E,

ah 2015 4F 2016 4F 2017 4F 2018 4F 2019 4F 2020 4F 2021 4F 2022 4F F1

DN 1.263 1.132 1.163 1.119 1.142 1.100 1.094 1.156 1.146
RN 1. 020 0.612 0.548 0.492 0.492 0.519 0.498 0.516 0.587
g 0.558 0.543 0. 487 0.479 0.488 0.579 0.535 0.517 0.523
by 1. 000 1.048 1. 000 1. 000 1. 000 1. 000 1. 000 1.064 1.014
1 7 0.592 0.576 0.533 0.509 0.563 0. 801 1.073 1.073 0.715
iEld 0.511 0.579 0.631 0.625 0.581 0. 664 0.622 0. 662 0. 609
biiNEd] 1.038 1. 043 1. 061 1. 049 0.701 0.618 0.548 0.691 0. 844
I# 1. 100 1.203 1.348 1. 386 1. 409 1. 207 1. 209 1. 240 1.263
Py i 1. 402 1.285 1. 269 1. 269 1.218 1.238 1.232 1.221 1.267
5] 0. 364 0.470 0.329 0.294 0.337 0.438 0. 370 0. 409 0.376
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Tab. 2 Innovation efficiency in commercial transformation stage of innovative provinces from 2015 to 2022

E,

Ll 2015 4F 2016 4F 2017 4F 2018 4F  20194F 2020 4F 2021 4F 2022 4F

VL3 1. 039 0.703 1. 003 1.018 1.043 1. 202 1.175 1.219 1. 050

WL 1.519 1. 645 1.721 1.324 1.224 1.162 1. 230 1. 200 1.378

LR 0.608 0. 630 0.751 1.076 1.126 1.227 1.181 1.128 0. 966

i Al 1.728 1. 945 1. 687 1. 857 1.937 2.193 2.012 3. 345 2.088

1% 1. 286 1. 141 1.129 1.119 1.114 1.114 1.182 1.198 1.160
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Abstract; The positive definite quadratic form is utilized to construct a domain that is wider than the complex
unit ball B", and preserved the convexity, starlikeness, and e-starlikeness by Roper-Suffridge operators are
proved through the application of hyperbolic metric. This result enriches the existing research on Roper-Suf-
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