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Structured Light-Based 3D Pose Estimation of
Piled Workpieces Guided by Image Segmentation

DENG Jun'?*, LI Na**, WANG Yakai"?, GAO Zhenguo'**

(1. College of Computer Science and Technology, Huagiao University, Xiamen 361021, China;
2. Key Laboratory of Computer Vision and Machine Learning, Huagiao University, Xiamen 361021, China;

3. College of Mechanical and Electrical Engineering, Huaqiao University, Xiamen 361021, China)

Abstract: Aiming at the problems of point cloud generation time-consuming, pose estimation difficulty, and
multi class workpiece mixing difficult handling in the scene of piled workpieces, a structured light-based 3D
pose estimation of piled workpieces guided by image segmentation is proposed, and an experimental system of
piled workpiece picking is developed based on the JAkA Zu3 6-DoF robot. The YOLACT model is used to ex-
tract workpiece information from the piled workpieces images. The workpiece to be grabbed is filtered through
adaptive threshold, the local point clouds in the area where the target workpiece is generated using binocular
structured light. The workpiece pose based on the voting matching algorithm and the iterative nearest neighbor
algorithm is estimated. The proposed method is tested by the constructed experimental system. The experi-

mental results show that the system takes approximately 3. 641 s to complete the target workpiece pose esti-
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mation. Among them, point cloud computing takes 0. 536 s and point cloud registration takes 0. 446 s. Com-
pared with other methods, the proposed method can reduce the size of point clouds by an average of 44 %, re-
duce the time of the point clouds generation by an average of 24 % , and improve the registration success rate to
100%.

Keywords: binocular structured light; point cloud generation; point cloud registration; pose estimation; im-

age segmentation
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Fig. 5 Original segmentation results and filtered results of piled workpieces scene image
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Tab.1 Time consumed at each step of system in moving workpieces

n t./s /s /s Le/s t./s t./s t/s

1 0.108 2.538 0.432 3.078 0.418 6.123 9.619
2 — — — — 0.432 5. 645 5. 645
3 — — — — 0.423 6. 004 6. 004
4 0.122 2.544 0.568 3.234 0.534 6.212 9.980
5 — — — — 0. 425 5.939 5.939
6 — — — — 0.433 6.128 6.128
7 — — — — 0.405 6. 154 6. 154
8 — — — — 0.398 5.988 5.988
t 0.029 0.635 0.125 0.789 0.434 6.024 6.932

4.3 MXRTTEX LI
3 DFPY (DFPCP) J5 % (T PointNet " "/ (PCP) Jy & Je 3 F DGCNNI (DCP) Jr % 35 F1] H
R M 1 2 BB DS O RS AU ARk A T E LR . A 5 TR I TE R ) 3 35 56
57 50 W, 4 Py ik AR R AT AR L 3R 2 B 3R 2 P en, D EEE AU 9 Dy TR R
i s 1, R o FIE ] 3 S O i = BB
F2 A BRI R B ORI A T R X

Tab. 2 Comparison of point cloud generation and pose estimation results of four methods

28 DFPCP J5 PCP J7 i DCP Jr i Xk
n, 50 50 50 50
t./s — — — 0.110
/s 2.563 2. 545 2.558 2. 549
/s 1. 586 1. 555 1.568 0.536
Ly /s — 0.169 0. 094 —
Ll 4,149 4,269 4.220 3.195
S 0.150 0. 090 0. 100 0. 060
7 0. 420 0. 900 0. 920 1. 000
t./s 2.112 0. 462 0.536 0. 446
t/s 6.261 4.731 4.756 3. 641

H1%% 2 ] W1 . DFPCP J7 3 1 BC i 2 A A T HoA 77 32 3 0 th T DFPCP J7 3 A8 i) 51> BIOfE
LA 6 A KA TE R R I H DFPCP AN RE 1 5% %0 A B4 5 47 IE o o T2 5 2R UCR L2, T 7
TAF B R AR AR G EAT IO E T BT AR B9 O RRAE S L3S A ) O R AE AR AL L B AR R S = 5
PEHEEN 7 5 i v h T B TR DX, 3 EOBC S D) A s 73 A 3 i U5 ik MR 4 38 H AR T4 i 5 b AT BT
RGBSR TE T R HE R E % PCP Jr kM DCP M iEfR B R s o R 5 W 5 b 47 70 1
DA F BR A 82+ 31X 5 B 2 A U 1A ELAE O A 22 1) 47 75 3 416 20 19 b 5 2 0 A7 7
B TR 5 25 B 0 T S BORC HE R W SO U7 ik A5 A YOLACT fig th (9 H AR A 19 23 F A5
B U R U AR 5 2 5 A 7 R AR L SCrR 07 3 B R 46 /08 5 3 UL 24 4406 i 2 2R JRUS 1)
XA 24 00 FCHE R A B4R T 2520
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Abstract: A new type of double pipe hydraulic fracturing in-situ stress testing device is proposed, using high-
pressure double-layer steel wire rubber hoses with C-type joints in the pipeline. The new device are tested and
applied in 16 tunnels in Zhejiang Province and Fujian Province, obtaining good results. The results show that
the new double pipe hydraulic fracturing in-situ stress testing device has good sealing effect, and can control
the pressure and relief of the sealing section and fracturing section separately. In the southeastern coastal areas
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mum horizontal principal stress to minimum horizontal principal stress, the lateral pressure coefficient is 0. 72-
4. 83, the average value is 2. 16.
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Tab.1 In-situ stress test results of each borehole

i HE S8/ MPa E N J1{H/MPa B
ws PR um e
7 Do Doz Dse D o, Omax Grmin oy n
253.0 11.86 8.46 551  2.53  3.40 13.13  8.04  6.70
1 e 248. 0 11.74  8.42  5.02  2.48  3.32 11.60 7.5 6.57 NW22°
b 1
243. 0 11.61  8.07  4.88  2.43  3.54 11.43  7.31  6.44
184. 0 11.31  9.34 551 1.8  1.97 10.87  7.35  4.88
YANVAL
2 mn R 179. 0 10.77 804 515  1.79  2.73 10.99  6.94  4.74  NWI9®
b 1
174.0 10.75  7.97  5.11 174  2.78 10.84  6.85  4.61
193.0 13.71  10.42  6.08  1.93  3.29 11.68 8.0l  5.11
3 ﬁ?%mﬁx 188.0 13.44  10.17  6.05  1.88  3.27 1174 7.93  4.98  NW49°
183.0 13.06 874 5.76  1.83  4.32 12.20  7.59  4.85
129.0 10.02  8.53  4.71  1.29  1.49 8.18  6.00  3.42
4 @?& 124. 0 9.72 817  4.18  1.24  1.55 6.85  5.42  3.29  NW23°
119. 0 9.26 7.91  4.04  1.19  1.35 6.59  5.23  3.15
j 128.0 8.34  6.45  4.12  1.28  1.89 8.47  5.40  3.39
5 ﬁ%% 123.0 9.52  7.37  4.12  1.23  2.15 7.45  5.35  3.26  NW36°
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Abstract: In order to study the influence of bridge deck barriers arrangement on bridge vortex-induced vibra-
tion, taking a long-span suspension bridge as the engineering background, based on the computational fluid dy-
namics (CFD) method, the stress situation of bridge section and the variation of surrounding flow field are
studied under different wind speeds and bridge deck barriers arrangement. The results show that the arrange-
ment of the barriers on the bridge deck can change the pressure and speed distribution of surrounding flow field
of bridge section, and the vortex is generated in the upper part and the leeward side of the bridge, obvious vor-
tex shedding phenomenon can be observed, and compared with the bridge without the barriers, the possibility
of vortex-induced vibration increases greatly. The greater the distance between the barriers and the edge of the
bridge deck, the less obvious the vortex shedding phenomenon, and the lower the possibility of vortex-induced
vibration of the bridge.
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Fig. 1 Arrangement of standard section of main girder (unit: mm)
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Tab.1 Dynamic characteristics of low order vertical bending and torsional modes of bridge

i f/Hz 5 B A
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Fig.3 Modal vibration mode of bridge
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Tab. 2 Setting of working conditions for barriers arrangement
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Safety Evaluation Method for Tower Crane
Collapse Accidents Using WSR Methodology
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(School of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract; In order to improve the efficiency of tower crane safety management, a safety evaluation system for
tower crane collapse accidents is constructed based on the Wuli-Shili-Renli (WSR) methodology. From Wuli
level, the main risk causes of tower crane collapse are analysed based on the structural composition of the tow-
er crane. From Shili level, the internal mechanism of tower crane collapse is sorted out, and the fault accident
tree model of tower crane collapse is established. From Renli level, the countermeasures of key risk factors of
tower crane collapse are proposed; and the feasibility of the safety evaluation model is demonstrated by exam-
ples. The research results show that the failure of protective devices is the most critical risk factor in the tower
crane collapse accident tree model, with a critical importance degree of 51.14% , strengthening the inspection
of hidden safety hazards of tower crane equipment, regulating the behaviour of tower crane operators and opti-
mising the safety supervision of tower crane operation can effectively reduce Wuli risks caused by bad person
thoughts and behaviours.
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B e R EF AT BE PR TR R K AR (IR A AR A N S R PR SO G 3 R . B 3 Rk
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Fig. 3 Fault accident tree model of tower crane collapse
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Tab.1 Meaning of basic events
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K, ={X,}, K, ={X;}, Ky = {Xu} K, ={X,.Xs}>
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4
ro= > ALW,. (2)
i=1
15
RI:rl/Zrlo (3)
=1

KD~ H AL R LAESE « BHEARE j 9 ERYA30sW, 30 B R 53 J5 1 0 A s W, Dy 3 H AL
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HANJE T E 5 Hosr HEFEIT R N EH — A5 13 21 £ ZAUE
BARARBUE IR T 2528 3% 2 From o A s 1 b #5072 B 5 A & AR ke 3 i .
£ 2 BRI
Tab. 2 Indicator weighting table

5 bR Lo 155 bR ) L
WH W HE 2 5 WE - MWEB/A | miE mERGE 2 5 W /A
S R 3 2 50 % I 4 3
Rl 1 B 2 9 10~50% 3 3
B A 9
— % 1 4 30~40 % 2 7
10 a Ll F 4 9 30 LT 1 2
7~10 a 3 1 P+ 2 DLk 3 1
L ¥ 5~7 a 2 3 =357 1 A+ 2 3
SallF 1 2 AP 1 11
%3 LRNE
Tab.3 Weight of experts
LR i R LR i Rk LR i R LR W&
1 0.076 7 5 0.065 3 9 0.076 7 13 0.048 3
2 0.093 8 6 0.076 7 10 0.045 5 14 0.051 1
3 0.093 8 7 0.079 5 11 0.039 8 15 0.056 8
4 0.082 4 8 0.042 0 12 0.071 0
3.3.2 AAFHZAME ERYPIRFHO AT L AR R4 EARON R AR
B Ak IBINR ., Tab. 4 Probability of occurrence
D bl . S BOCHERLLT PR S A F5 4 & 2E 0 vl e S ™ of basic events
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BUG A FEARF M R AR, Zoad & FBCE W E 55 12 5 1) £ X, 0. 63 X, 0. 36
WEASHNME, FERAFINERAESR. KL 4 PR, X; 0.47 X3 0.46
3.3.3 W EEMHmE  FEHFIT KR SThR TR VEORHAY L RE K X 0. 53 Xu 0.53

18 15 frHAT 8 TR 250 L Z AW T A SR R A AR AT T390 T00 1 1R A R A iR B
P(T):l—ﬁ(l—q,)o 0

KO PO AT B T R ¢ WS | DEEAR R R AR,
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3.3.4 MEFTZEAXRERE ARGU LR EAERE KRIEEAF ML EEE (O
FOCHEE B 1. (D), 43 BT 15 B0 o P e R S AR 544 O B =0h

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



726 A R e Al CA R B 2R O 2024 4

IPCD)
dq;

I, ()= , (3

_JdP(T) g,
dg; PUD)°
HR A 2 (5) o (6) TH 330 HY HEAS S A Al 58 o B2 B OB B X L A5 Rk 5 s .l 3R 5 Al 1 A
HEEHFERN L (D=1, >1,(5)>1,(2) >, (D) =1,(T>1,(11)>1,(3)>1,(9)>1,(6)>
I,(O=I,A)D>I,02)=1,14); KEREREFHIFLE RN 1.(5)>T.(1DH)>1.(10) >1.(2) >1,(7) >
I.(HO>T.(6)>1. (D =1.(13)>1.(D=1.(3)>1.()H>I1.(12)>1.(14),
F#5 MREEEMCHEEE I ESR

Tab. 5 Calculation results of probability importance and critical importance

I.(D (6)

FA A I,/ % I.(D/% FEA A I,/ % I.(D)/%
X, 100. 00 51. 14 X5 30. 00 11.16
X 67.00 36.01 X, 36. 00 14. 14
X, 38. 00 14. 14 X1 100. 00 41. 34
X, 63.00 28. 65 X, 16. 00 14. 26
X, 97. 00 62.67 X0 25. 00 9.30
X, 33.00 16. 03 Xy 30. 00 14. 26
X; 63.00 34.62 X 17.00 9.31
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TF BB 10 S A W3R 5 25 o IO L DRI SR S e o R AR AR 1 A AE 3R R AR B T A e A ]
e 6 AR = 11 E AR

F HBE 238 T 3 T O G B 1 HE U 4 R AT AR S ) M R R ORI O R Y HE Y AR —
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FOREEA THAIE B .
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Distribution Characteristics, Sources and Pollution
Evaluation of Organic Matter and Nutrient Salts in
Sediment of Xinglin Bay Reservoir in Xiamen City

LI Jing', TANG Xueping”, ZHUANG Mazhan®,
LI Fei', ZHOU Zhenming'

(1. College of Civil Engineering, Huaqiao University, Xiamen 361021, China;

2. Xiamen Institute of Environmental Science, Xiamen 361021, China)

Abstract; Taking Xinglin Bay Reservoir in Xiamen City as the research object, the mass ratios of organic
matter (OM), total nitrogen (TN), free nitrogen (FN), exchangeable nitrogen (EN), acid solution nitrogen
(HN), residual nitrogen (RN), total phosphorus (TP), organic phosphorus (OP), inorganic phosphorus
(IP), iron/aluminum combined phosphorus (NaOH-P) and calcium combined phosphorus (HCI-P) in the sur-
face sediment were measured, and the distribution characteristics and pollution status of organic matter and nu-
trient salts in the surface sediment were analyzed. The results showed that the average mass ratios of OM, TN

and TP in the sediment of Xinglin Bay Reservoir were 49 360. 28, 1 588.63 and 1 095. 63 mg *» kg ', respec-
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tively; the spatial distribution of OM, TN, EN and HN showed an increase and then a decrease from the con-
fluence of Hou River to the estuary, and a gradual decrease from the confluence of Jiutian Lake and Dongren
Drainage Canals to the estuary; the spatial distribution of TP, IP, NaOH-P and HCI-P showed a gradual de-
crease with the direction of water flow; the sediment had a high risk of nitrogen and phosphorus release, and
was prone to eutrophication, of which, nitrogen mainly came from organic matter enrichment, phosphorus
mainly came from phosphorus-containing agricultural wastewater and residential sewage from upstream tributa-
ries and the surrounding areas, and OM mainly came from higher plants; nitrogen, phosphorus single pollution
index and comprehensive pollution index were in heavy pollution as a whole, nutrient salts pollution mainly
came from nitrogen, organic index as a whole was still in clean level, and the sediment as a whole was polluted
by organic nitrogen.

Keywords: sediment; organic matter; nutrient salts; Xinglin Bay Reservoir; spatial distribution; pollution e-

valuation; source analysis
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580 AR HILTG G 18 0 0 5 AR K PR JE 1 15 BAR Lt AT P-4
L2.1 43 e dedok RIS YIS AL S ML 15 QAR 5 FF 19315 2 00 51

_G
Si=¢ (D

2 2
FF: (F AFZFmax . (2)
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Tab.1 Classification standard for comprehensive pollution level of sediment

Sy Ste FF i) LS
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RBE R A HLTS G 18 B0 I 14 35 YR BEHEATIE . BRI R AN
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Woe — 1%0;);[4 o (5)
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B HLES BN WAV W bR, I 3E 2 %2 AHLEEBONAT HLET O AR
i Tab. 2 Evaluation standard of organic nitrogen and organic index
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Fig.5 Spatial distribution and mass ratios of nitrogen of various forms in sediment of Xinglin Bay Reservoir
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Fig. 6 Spatial distribution and mass ratios of phosphorus of various forms in sediment of Xinglin Bay Reservoir
St LA AT R | T A

e IP & AT 261. 50~2 524. 00 mg « kg ' Z (6], F3{H H 811.53 mg « ke ', FIHHE S
TP Jfi e HiY 74. 0720, BLHIAS MRS/ PRI U i TP 22 LL TP A8 RAF7E - 0w 5 1) S5 ik L 2 i) 40 A
O AE R ) 5 2 55 BB 25 /K3 1) 32 S 0N O A R AR AR IR A K

JEJeH NaOH-P i A F 133.50~1 598. 00 mg « kg ' Z (], FH{H Jy 534. 56 mg « kg ', F
5 1P it by 65.27% . i TP i HE i 48. 81% . NaOH-P J5i & be 2% 6] 43 A F#4E 5 1P J & b 2% [
O AT ERAE R ARL 3 S DR A AR K R g e b TP £ 25 L NaOH-P JE A7 AR . 25 MR I /K 2 P A [X 38+ 3
JE TR E O RS AU R R SRR A AT HLR O LAAE B R SRR O =D AT P
TR F M NaOH-P 545 L%, NaOH-P 258 M A YA /s 4 nsp s A mRe
AR T T P, X p LR 0 AR 3 Ji Fl A7 & A A AR R Ak O TV T S B R IR B K A e 5N R T Bl
FSE, AT FE— 8RR bR MK P 2 05 Yo lR B B — @ M 2 M L. NaOH-P 5K A& B HRUE
S 558 1R 114 o ek b AR 43 T 0 A S I A AT K W 1) TR R R RS e K L B AR IS

JEJeh HCLP i & Fe A F 100. 50~869. 00 mg » kg ' 22 i), FHI{H H7 269. 50 mg » kg ' FHIMH 5
IP i F iy 32.90% .5 TP i iy 24. 60% ., XLWNO1 1l XLWNOS &b HCI-P Jifi 5 H %5 e 1 B A
— 7 T » 32 B S B ARl K R AR T T K HE T B s 5y — 1T A RS K IS R pH (H R 8. 68~
9. 59, FEMM B E ) FR e, Ca 87 1T 5 %5 ff ME B 25 5 28 i HCL-PPY L i F XLWNOL #1 XLWNO8 | iff
44 K R AR T A XLWNO8 | A F1 85 48 , XLWNOL _F i 3d 43 A 35 K pats >, g R 500
7 A B HE ) AR Bl 7 A B AR AVE AR AR IR R IE i A Ca B F L X W AT AR R XL
WNO8 4 HCI-P Jii i die i . HCLP BT & b 45 8] 43 A B 0K b 22 BB K 30 J 1) 98/ i R AiE . HCL-P &
— PPN R E BRI A MR AR R A TR 55 R M A5 A TR A RIS A R R B K AR v, — BRI

PR AR ot 2K BRI (E R MK % 18 L HCL-P i A 25 50 ) S 25 22 9.
ZE LAl A MK R BE Ok B T ARG 20 B w(BAP) —— § 1%
AR5 B Al B K 7 o 3 2 3 B o 31 £ 2K 355 3 B S e ”

14 70

12
1.0
0.8

NaOH-P a] 2 49 B H R L 60 % B9 OP a7 il itk 6 4k 16
8 i R Y, BE o NaOH-P 5 60 %% OP Z flE X
Hg BAPU2U bR K IR JE R BAP it H (w(BAP) B F os
BAP i TP [ 45 (), Wi 7 FioR. BAP W[ F B AR o

65

/%

w(BAP)/mg-kg"

55

50

TS KR S BRI AT SE S BAP 5 TP ) L E ) 6 IS TS S S s
I 1 ST TSI

FEAN R R BRI B ORI T . A R RE S BAP 5 TP i L fi * sibn

Yo it 30 %0 . AT UL A A AR K R RS R S PR A R R XL B 7 BAP [ b &% HAE TP i &

Bﬁ . M, BAP i b %5 8] 43 4 A1 NaOH-P Jit 5 b %5 6] 53 Fig. 7 BAP mass ratios and
%ﬁ*ﬁ M 91@3ﬂﬁ}35 BAP EP NaOH-P |J_-T Hﬁiﬁf%ﬁﬂ\éo its proportion in TP

2.2 REAVNREMEFREBREFESH
YR K IS Hh 4% A8 Bn 2 ) B9 A G G 20 A A 8T 8 s . 11 8 e x KR P<C0.05. Wi 8

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



736 A R e Al CA R B 2R O 2024 4

FRD A MRS A IR TR TR A% TR A Wi 2 I B B A R S A G

D
HECP<0.05) .11 OM Il TP ZMAIXAE R W (-=0.55,  Bes=3EZEBEZES.
P=0.16) . §d W JE I8 A LB 4 AN J W 1 1 SR IR 45 TP(g:::::g:. e 82
B A AW A 25 ) 73 A R AIE S 4 DAY ARV K PR IR e vh 45 B N;SH.P::::: S 04
5 SRR 3 S R 0 DX W K R R AR i@ e 88 e - o o/ 2
157K s OM A1 TN 2Z [i] i A OC R £ 350, 95 (P<<0. 001) mWO8e ooy
RS U P R ok B A LIRSS L R R C/N @ e Ol
A AE— 8 AR b RO LT PR B A B A AR K PHW.C; :‘l)s

FEUE  C/N SFHE 18, 02, 22 Wik U o i HL I 32 3 5K

T 5 A0 A AR AP 3 A 2 K Al T M8 AR RT3 BT

) B B P K GO P WL B U A TR B Fie. 8 Correlation analysis
AR A G . SRR NP (AT 7E — i B 1 e i

RV 9 56 85 FE MRS 0 A5 B A AR K PR VR e NP P9 1. 45336 F /K A A ik N/P ok
(7~ 10) 3R N/P 75 %7Kk A A 00 1 KR R s 5 3R R B4 L5 1 25 Kk A i 8
B A T B A A

2.3 RiRBANRMEFETLERTITEN

2.3.1 HeFRMECE AR 4T IO A AN 3 FTR . A ARIE K R TR 475
A A 9 B

between various indicators

3 MRS A TG R 45 2R

Tab. 3 Evaluation results of comprehensive contamination in sediment of Xinglin Bay Reservoir

e TN T4 #5841 TP T4 45 5k SR BRI LR
Stn % Stp 1 FF FR

XLWNO1 3.28 4 3.03 4 3.22 4
XLWNO02 3.09 4 1.71 4 2.76 4
XLWNO3 3.40 4 1.09 3 2.88 4
XLWNO4 2.18 4 0.61 2 1.83 3
XLWNO5 3.58 4 1.03 3 3.01 4
XLWNO6 1.74 3 0. 86 2 1.54 3
XLWNO7 1. 40 2 1. 20 3 1.35 2
XLWNO8 4. 44 4 5.08 4 4.92 4

I {E 2. 89 4 1.83 4 2. 69 4
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contamination evaluation in

sediment of Xinglin Bay Reservoir
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Tab. 4 Evaluation results of organic contamination in sediment of Xinglin Bay Reservoir
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by DX AR K R S ARG TS K. kT C/N SEIME D 18, 02, RUURE H AR Lk H T
EREY s N/P SFEIES 1,45, RUIE AR KRR AR F @ S KAmP AR,

4) LG T AR BOE VRN 25 R AR W] R e AW AR A A T TS YORAS L SR A TS s B R b T
FETG YRS R B SR TG e FBORIE TR .. APVLARA VBT 25 AR W IR AR AL T A HLA
5 G R T R

S & k-

[1] ZHANG Wengiang,JIN Xin, MENG Xin,et al. Phosphorus transformations at the sediment-water interface in shal-
low freshwater ecosystems caused by decomposition of plant debris[ J]. Chemosphere,2018,201:328-334. DOI. 10.
1016/j. chemosphere. 2018. 03. 006.

(2] ZfAss. ROk 030 0 98 2 15 K00 8 JRAe = Ik 72 LT 1. W1 Bk 2 2020, 32/(5) : 1229-1243. DO 10. 18307/2020.
0501.

[3] WEN Shuailong, WANG Hongwei, WU Tao, et al. Vertical profiles of phosphorus fractions in the sediment in a
chain of reservoirs in North China: Implications for pollution source, bioavailability, and eutrophication[J]. Science
of the Total Environment,2020,704:135318. DOI:10. 1016/j. scitotenv. 2019. 135318.

(4] Fug, EEM.HED & KW R EAAA B RUGAR R Z2TURY & 7= 85 AR AELT ], K AR R85 2016,36(3)
81-87. DOI:10. 13961/j. cnki. stbetb, 2016. 03. 015.

[5] ZHAO Bing,HU Yuansi, YU Haoran,et al. A method for researching the eutrophication and N/P loads of plateau
lakes: Lugu Lake as a case[ J |. The Science of the Total Environment,2023,876:162747. DOI.10. 1016/]. SCITOT-
ENV. 2023.162747.

(6] SRJpid. At 4 75, 75 PR K B Bl Kk ok e 00 Fn Ak K AR 01Kk B A8 A [T 1. 3R 58 R 2 & 1), 2021, 40 (2) : 7-10.
DOI:10. 13623/j. cnki. hkdk. 2021. 02. 003.

[7] YE Hongmeng, HUANG Changchun, YUAN Xuyin, et al. Morphological characteristics and ecological risk assess-

ment of nitrogen and phosphorus in the sediments of Futunxi watershed in Fujian Province[ J |. Environmental Moni-

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



738

A R e Al CA R B 2R O 2024 4

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

toring and Assessment,2021,193(6) :335. DOI;10. 1007/S10661-021-09106-X.
TRUK ARG I, R S S BT R YR TT Y B R AR L], R EE Rl 24, 2023, 44 (7) : 3945-3956. DOI: 10. 13227/j.
hjkx. 202208081,
JEBEME I A X 85 L A BUTL T 7 32 R 1L W) B B K AR R AR Y R B A LT A3 A R AE B 3s YA LT B
BBl #,2021,42(7) :3186-3197. DOI:10. 13227/j. hjkx. 202010192.
X X 20, R I B I8 VA UL AR W B R AR A A K U5 YR [T, FRBERL A4, 2023, 44 (5) 1 2583-2591. DO 10.
13227/j. hikx. 202206068,
AR5 H AR AR S TR W R AW D R E DR A B A DL AT BT R L)), A A B AR,
2018,27(12):2307-2313. DOI:10. 16258/;. cnki. 1674-5906. 2018. 12. 017.
LIN Xiaowen, WU Chao., WU Xiaodong,et al. Evaluation of the distribution of N, P and organic matter in sediment
and the pollution status of lakes in southeastern Hubei Province, China[ J]. Journal of Freshwater Ecology, 2023,
38(1):2244526. DOI.10. 1080/02705060. 2023. 2244526,
EATHR X Z AR SRR LS5 TR U A T 1 AR B A WL A0 A BT e KU AR LT ). 9 Ak . 2017,
29(1):69-77. DOI:10. 18307/2017. 0108.
KR BAEVE A E 0L A SRR R Z TR B IR S AVE B O A R L XU AR LT . BRI R 4, 2022,
43(12):5598-5607. DOI:10. 13227/j. hjkx. 202202060.
T3y 5 JE /NI S IS FL L BT VLA IR U 3 T K R IO AR W vh B IR R A A B U T A LT ). PR B AL 2, 2023, 42(12)
4392-4403. DOI:10. 7524 /j. issn. 0254-6108. 2023020906.
Fu A, BB SR S AR T A K PR U AR 4K SR T R R A R AE R AR s (). T E IR B AL, 2021, 41
(9):4284-4293. DOI:10. 19674/j. cnki. issn1000-6923. 20210222. 002.
XU IL . B R L Bk 45 b ] (] bR o 200 3t IO AR ) Wl 25 8] 20 A e i S R TSORUB [T 1. PRI R 2, 2021,42(7) :3198-
3205. DOI. 10. 13227/j. hikx. 202009090.
BB, A, 2L BRI RZ VIR A e R N A TE S AR [T ). BRI R 4%, 2016,37(12) : 4626-4632.
DOI:10. 13227/j. hjkx. 201605099.
AR T, AR A5 KT A6 K HS  H TURR W U 0 A R AR s YT [ PR BSR4, 2021,41(10) 1 4086~
4096. DOI; 10. 13671 /. hikxxb. 2021. 0153.
T3 B AR 3] SRR IR L S R A L v TOAR M ke R 0 A AR AE 5 75 e AT [T . BREEREAE . 2019,40(12) :5367-5374.
DOI:10. 13227/j. hjkx. 201905127.
TG K AR BT K L A T R R 2 DOARAY) O 3R SR RURL B 23 IA) 4 A RO LT SR B A 5 H R L 2023, 46 (10)
32-41. DOI:10. 19672/;. enki. 1003-6504. 0577. 23. 338.
R T F R, T 5. APCS-MLR 454 PMF #5 B A7 JB 1] 75 AR I 30 X8 i 3 0 B & JB ok iR [T 1. s k2%,
2022,43(5):2476-2488. DOI:10. 13227/j. hjkx. 202108337.
SAELEIL S #A /N 0T R AR L A 1L 36K PR U AR A Ll R ML IS Y R AE PP () ). SRR 4%, 2016,37(4) £ 1389-1396.
DOI:10. 13227/j. hjkx. 2016. 04. 025.
WA SR T W R AR AR S A . DA T T LR WIS BT . IR AR 2022, 12(7) : 21-23. DOI: 10. 16844/j.
cnki. cn10-1007/tk. 2022. 07. 049.
TEPTE , E Bk AL A4, 45 T JE 9 0 B g 9 9 SR AR R [RDJR 25 R0 A2 AR AE LT . /K B 9T 9, 2018, 7(3) . 271-
278.D0OI1:10.12677/JWRR. 2018. 73030.
LANGE G ] D. Distribution of exchangeable, fixed, organic and total nitrogen in interbedded turbiditic/pelagic
sediments of the Madeira Abyssal Plain, eastern North Atlantic[J]. Marine Geology.1992,109(1/2):95-114. DOI;
10.1016/0025-3227(92)90223-5.
YU Juhua,FAN Chengxin,ZHONG Jichen,et al. Evaluation of in situ simulated dredging to reduce internal nitro-
gen flux across the sediment-water interface in Lake Taihu, China[]]. Environmental Pollution, 2016, 214 ; 866-
877.DOI1:10.1016/j. envpol. 2016. 03. 062.
SHANG Jingge,ZHANG Lu, SHI Chengjun,ez al. Influence of Chironomid Larvae on oxygen and nitrogen fluxes
across the sediment-water interface (Lake Taihu, China)[J]. Journal of Environmental Sciences,2013,25(5):978-
985. DOI:10. 1016/S1001-0742(12)60116-8.
LI Jialu,ZUO Qiting. Forms of nitrogen and phosphorus in suspended solids: A case study of Lihu Lake, China
[J]. Sustainability,2020,12(12) ;5026. DOI;10. 3390/sul2125026.

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



%563 ZEHR . AF . T TR BRVE KR R U A HILJTTR B SR AR Y A A AR AR S R TR s YL RN 739
[30] WANG Ting, WANG Kun,JIANG Xia. Influence of rewetting process on distribution and release of phosphorus in

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

sediments of East Lake Dongting[ J]. Journal of Lake Sciences,2018,30(4):937-947. DOI:10. 18307/2018. 0407,
e AR R L 1 O S R BT A MLBRTE 25 0048 BRI S 0 # AL . LUE B Pt 1K R S LT . o [ R
Rk ,2022,42(1) :293-301. DOI:10. 19674 /5. enki. issn1000-6923. 20210709, 009.

FRAE B SRR S LRI I 0B A LB A3 A R AR B AN IR A X OB S B AL g sZ L . #A R
2£,2020,32(3) :665-675.

K7 S B, N R A5 K B DT AR Y 8 35 B8 35 40 A R AE B 5 Y AN [T ], SR A %, 2020, 41 (12) : 5389-5399.
DOL.10. 13227 /i. hjkx. 202004237,

ZE B K Rk, e 1 0, A e IR YRR Y8 R 2 () A0 A R RS YA LT DL PR OR DAL 2013, 31 (M T 1) < 124-127.
DOI:10. 13205/j. hjgc. 2013. s1. 159.

M T RS B T R TR Y AR A R AR A KU PR A . DLV R U B LT . BB A 4% . 2020, 39
(12):3471-3479. DOI:10. 7524/j. issn. 0254-6108. 2019111802.

FRHEAG A A L A BEI DT AR W 4% T8 25 B 0 A A5 A X B STk ] A BRI R 2, 2021, 41(2) £ 883-890.
DOI:10. 19674/j. cnki. issn1000-6923. 2021. 0099.

LONG Ziwei, JI Zehua, PEI Yuansheng. Characteristics and distribution of phosphorus in surface sediments of a
shallow lake[ J]. Journal of Environmental Sciences,2023,124(2):50-60. DOI.10.1016/]. JES. 2021. 10. 012.

QIU Zijian, LIU Qian, ZHANG Ruiqi, et al. Distribution characteristics and pollution assessment of phosphorus
forms, TOC, and TN in the sediments of Daye Lake, Central China[]J]. Journal of Soils and Sediments,2022,23
(2):1023-1036. DOI:10. 1007/S11368-022-03398-3.

o SRR A BT 00 T DT 4. P RE T I S T R B B DURR ) 5 T A T A R AE R ORI 43 M LT/ OL L A &
2#,2024,36(4) :1-11. http: // kns. cnki. net/kems/detail/32. 1331, p. 20240311. 2228. 002. html.

B X SRR F K 5. 2 A [ AR 1 RS P B IE 25 0 A ke AR S XU I L) . PRI RL 2 S8R, 2017,
40(3) :161-166, DOI.10. 3969/j. issn. 1003-6504. 2017. 02. 026.

RYDIN E. Potentially mobile phosphorus in Lake Erken sediment[]J]. Water Research,2000,34(7):2037-2042.
DOI:10. 1016/S0043-1354(99)00375-9.

SHOJA H,RAHIMI G,FALLAH M,et al. Investigation of phosphorus fractions and isotherm equation on the lake
sediments in Ekbatan Dam (Iran)[]]. Environmental Earth Sciences,2017,76(6):1-15. DOI:10. 1007/s12665-017-
6548-2.

SHEN Dali, HUANGSaihua, ZHANG Yiping,et al. The source apportionment of N and P pollution in the surface
waters of lowland urban area based on EEM-PARAFAC and PCA-APCS-MLR[]]. Environmental Research,2021,
197(13):111022. DOI:10. 1016/]J. ENVRES. 2021. 111022.

DAN F S, LIU Sumei, YANG Bin. Geochemical fractionation, potential bioavailability and ecological risk of phos-
phorus in surface sediments of the Cross River estuary system and adjacent shelf, South East Nigeria (West Afri-
ca)[J]. Journal of Marine Systems.2020,201(C):103244. DOI;10. 1016/j. jmarsys. 2019. 103244,

WANG Xiaoli. Phosphorus fractionation and bio-availability in surface sediments from the middle and lower reaches
of the Yellow River[]]. Procedia Environmental Sciences,2012,12:379-386. DOI.10. 1016/j. proenv. 2012. 01. 293.
R R, B MBI RGBSR RBUNRY BRI S SRS LT hE R B2, 2015, 35
(11):3437-3444. DOI:10. 3969/j. issn. 1000-6923. 2015. 11. 031.

AR 5K SO 770 B3 AF . YL R 2 IR R R R AT 25 0 A R AR S AT A [T, BRBERE A, 2010, 31(4) £ 961-968.
DOI:10. 13227/j. hjkx. 2010. 04. 003.

XA — FL LR T S5 B BH ) UG 00 ) 2 AR RS K 9 B 2R R R U AR AL B A PILST A0 A AR AR B IEAN LT DL WA R
2#,2023,35(1):192-202. DOI:10. 18307/2023. 0113.

i

(REHE: Wil FEXHEER: XEAH)

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



a5 6 R M CH AR R Vol.45 No. 6
2024 £ 11 H Journal of Huaqiao University (Natural Science) Nov. 2024

DOI: 10. 11830/ISSN. 1000-5013. 202403016

B ITE iR Igt&iess m i E
XEFE WMW&MéW

KA REF, BHA

,\_,—

(1. AR R2F B2 0E, fg BT 3610215
2. WAL BB AV R BT BE B A R A |, it I 430061

FEE: TSR E T R DO AR B M A LR 1 ) s [ i R ) R H S XK B 2 P BB A Y o R
T I — A~ L % A T XU B 5 IR 5% 0 TR 5 4] ko P A XU L AR AU R RN B AT B S . S 4
043 B 4 SR WY« A S R ] L 2 )2 1 35 P A0 24 XU L BRI XU 2. 3 i JHE P XU AT R TR SO Y
LT B R R AR 2 R M E AR R XEAEE L 13:00— 1500 HA ], $4 Hs 58 XU Ak R 3k 31 W ff L m] il
NP FEAL 1,07 C 5T 8 XU 3 J2 02 P9 XU 5 S 5e XU AH XY A B DL A B B i s N AR ZE = A
BRI E R 6], 32 5 A AT D 8 B A R B 2l o Y 15 T TR I AR U L 1 R 1] e R T 1
BE R LT 1138, DARRAIR 3 J2 28 P K PH i 5 74 A, 8 8 2 P DR, 80 A e 3 XU 8 7 B 358 7 52
KR R AR REERG SIS EITHEE X
hESES: TUI1L3 XERERL: A XEHS: 1000-5013(2024)06-0740-06

Effect of Thermal Pressure Ventilation Strengthened by
Stairwell on Summer Indoor Thermal Environment in
Traditional Qilou Building in Yingping District of Xiamen City

HUANG Luhong', LIANG Ludan', SHI Yuehan?

(1. College of Architecture, Huaqgiao University, Xiamen 361021, China;
2. Hubei Provincial Academy of Building Research and Design Limited Company, Wuhan 430061, China)

Abstract; To study the improvement effect of thermal pressure ventilation strengthened by stairwell on sum-
mer indoor thermal environment in the traditional Qilou buildings in Yingping District of Xiamen City, one typ-
ical case with thermal pressure ventilation and unilateral wind pressure ventilation was selected, and the indoor
and outdoor wind speed, temperature and humidity were measured. The analysis of measure data illustrates
that, with thermal pressure ventilation, the second floor’s indoor ventilation and cooling effect are significantly
better than those with unilateral wind pressure ventilation, the average of the indoor and outdoor wind speed
ratio is 2. 3 times higher than that with unilateral wind pressure ventilation, and during 13:00-15:00, the in-
door wind speed reaches peak value, the human body thermal sensation could reduce 1. 07 C. However, the
indoor wind speed of the third floor of hot pressure ventilation is equivalent to that of single-sided ventilation,
which is not enough to produce significant differences in indoor temperature. During hot pressing and unilateral

ventilation, the indoor temperature on the third floor fluctuates significantly with the outdoor air temperature.
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It is recommended to add a roof insulation layer and to increase the height of the staircase protruding from the
roof and its top opening ratio, in order to reduce the indoor solar radiation heat gain of the third floor, to in-
crease indoor wind speed, and to enhance the impact of thermal pressure ventilation on the indoor thermal envi-
ronment.

Keywords: traditional Qilou; stairwell; thermal pressure ventilation; indoor thermal environment; Yingping

District of Xiamen City
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Fig. 4 Curves between time and air temperature under two working conditions
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Abstract; By constructing a ceRNA regulatory network of ferroptosis feature genes in hepatocellular carcino-
ma (HCC), the prognostic value of feature genes in HCC was explored. The differential expression of ferrop-
tosis-related genes (DE-FRGs) was screened and a prognostic risk model of DE-FRGs was constructed. The
accuracy of the model was evaluated using survival analysis, independent prognostic analysis, ROC curve and
C index analysis. The differences of immune cell infiltration, tumor microenvironment and immunotherapy re-
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filtration. tumor microenvironment and immunotherapy response between high-risk and low-risk groups. High

expression of SLC7A11 in the ceRNA network was closely associated with poor prognosis in HCC patients.
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Fig. 4 Constructing results of prognostic risk model
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Fig. 6 Analysis of tumor immune cell infiltration and immunotherapy response in high-risk and low-risk groups
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Pickering FLI& (PE2) H A 57 47 (19 #4 e MR Ji A e 1k B PEL B 838 10 B B 38 BR e 0, B CH 0 T
Z IR PE2, AST BT & HE 5 9 MO AL s Hilk PEL J5 8 h ik 8 s K AST I 3¢ it & ¥k BE (2. 654 pg »
mL "), HAE XA 0 BE 43 0 2 o B R R I (AST-MCs) Fll PE2 1y 1. 703, 1. 481 %,
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Preparation and Evaluation of Astaxanthin
Composite Nanoparticles Pickering Emulsion

ZHENG Xiumei', DU Xin', LIU Peizhong', YU Wenxi',
WU Zhen*, WANG Liqgiang', HOU Zhiyong'**

(1. School of Biomedical Sciences, Huagiao University, Quanzhou 362021, China;
2. School of Pharmaceutical Sciences, Xiamen University, Xiamen 361102, China;

3. 962 Hospital of Liberation Army, Harbin 150080, China)

Abstract: The property of solid particles (composite nanoparticles) to stabilize the oil-water interface was uti-
lized to prepare corn zein-solubilized protein-astaxanthin nanoparticles (Zein-AST NPs) and corn zein-solubi-
lized protein-astaxanthin-arabic gum composite nanoparticles (Zein-AST-GA NPs), and their stability differ-
ences were compared. Using Zein-AST-GA NPs as stabilizer, Pickering emulsion was prepared using corn oil
containing AST. The stability, in vitro release rate, and in vivo pharmacokinetics in rats of AST in the emul-
sion were studied. The experimental results show that the Pickering emulsion containing AST (PE1) in the oil
phase has better thermal and storage stability than the Pickering emulsion without AST in the oil phase

(PE2), and PE1 has stronger free radical scavenging ability with a release rate superior to that of the reference
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formulation and PE2, and the release of AST is in accordance with Fick's diffusion law. The maximum AST
plasma mass concentration (2. 654 pg » mL ') is reached 8 hours alter oral administration of PE1, and the rel-
ative bioavailability are 1. 703 and 1. 481 times higher than that of commercially available astaxanthin microcap-
sule powder (AST-MCs) and PE2, respectively.

Keywords: astaxanthin; Pickering emulsion; stability; bioavailability

R R (astaxanthin, AST) & —Fh IR PEE R R AR LD BR 2 KR AST py e R BOR I Z
— o T AST fl2z 2k v i) 22 06 B T A A0 I 20 S RS iR W43 12 2 8] 1 B L AR S5 R TR B
X 2RI E RS RIE LR 51 B el B OR IE X e el e B S At T IR . AST HAT B A9 BT
ST P BT AR PO T T USRI RO G MRS L i T AST MR TK L AR AR S R b Ik g
AU FCAE St SRR AR 25 1 B R A R A R it » 3 B0 ASTT A A0 A 1 22 AR 10 IR A 400 ) A1 55 e

FLIRCR PR A= W3 1 W ot B 32 6 ik ) 23 24 I AR 22—, AT 19 5 2R W 0 VR W B A ) B AL e AR E L T
1o 2 R S S B i s % RS I RR S . Pickering FLIR DA A SIURE Sk A% ) o A 590 % Y
T K ST AL T8 il 4R 1 ST )2 . By 1k A LG A0 B LR FE AL B s AR E M . Pickering
LGS 1T Ak UK T BG4 445 g T 002 IR S AL - SE B 25 W I S R B 2 I AR R T . 2
CUn5E M M 21 4 345D 5 8 BN LA B B 52 5 98 R UKL RS 19 Pickering FLIRCR AT B 5 19 7L 1k
PERE RS S R 2 BT AR SOW RS R A GIORIBURL Pickering FLII HETT 1 4 KP4 .

1 ZEEH

1.1 IR

L2 Hh-T] LR B T CH A By A 7)) s BSA124S B, 7 K (R ZEHTAL A% Ci MDA R A 5D 5 55
TR (034 GL 748 K TR AR A 7D s 78 HW-1 BUfE 5 % S8 Pk 2% (VLR E S5 IR F RS T )5
£ 20V VR v B L G 8 K VD T A S 3 A %) s RC-806D ¥4 1 S By A (R it T K KK & RHE A
B FDD 5 T 2 78 R AN Gl g 48 I SC T T A A A R 5T AR FDD s pH G AL (7 A48 ) N Tl 2 BHU s ) 4
A BT s QKR K ZETA WA 23 B A (6 1 A 45 5 i85 SCAL AR A B 5 L3598 R T L (b e P 5 A
MAEYEARA B2 A s JEM-1200EX #1535 G 7 8 6% CH AN B PR X & 41D s Nicolet iS10 %I il BL 21
AN ETEAL (3£ B Nicolet 1L #5728 ) D8 Advance X 1 4} £k 7 41 {X (ff [F Bruker Optics {{ #% 22 7)) ;
STA449F5 A [] 5 453 Hr A (18 [ Netzsch (#5824 &) 5 &5 2 89 VI AL (35 B A5 & 58 1 SO AR A |)D s BT-
9300ST UKL 43 A1 AL GL 748 PHAR T A AR A8 B B)D) s MCR302 2 3 A8 A3 (138 17 %8 AR i
V) T AT BR 2\ 5 s AT (AR TN T B & i AR A R WD 5 48] 8 98 6 B s CH AR B B o
1.2 ik H

T A 2T BRI T B R 7 3 A Ry (& O o LT A g AR R A PR A EDD 5 ORI R T AR
T KBV B BT RLAT I TR R 28 P R VA U C e T BT T AR AR R B B A R FDD s S A H B
FE (2 4831 3 T G B R e 0 A PR S 1) 5 DR 3R R L L ST il L S A Bl L A 4 AL B L Gk 2Tk
CEutg s [ 25 SE A A BR A D R B 40 B B il ACE T 5 BAL 2 H ARG R FD ;s ik I3 -80 L fi#
T E G KA SR R TR A R BR A R 5 IR o TE K i M it 4 IR R C 1 Vg i
by BAL ARG BR A ED

2 ELIGFHE

2.1 EXBRAEA-TER-MAARKESMHKBAR &

B KBV B 1 (Zein) ¥ T B8 73 BN 8000 Z B W T - 3 25 1 T W B e o HG 52 4 40 Wl
pH {E M2 3. 5. FF B FTE W E O 2.5 mg « mL A Zein I . $ Zein FS AST B (pH H 0 3.5,
0.25 mg * mL "#y AST ZEE B0 F R RIS A R A R E EAZRIRK G RS WAL pH AE N
3.5, AR (FEE IR FE 3 800 v« min 1)L 7E 40 CF AL R LANLIAR . JHAMIE pH
{EL A 2848 K A0 78 2 5 A AR AL B0 (5 000 1+ min™ ', 5 min) PR 25 AN TEY) IR 15 3 TORBEE & (-0F £
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Yl K R (Zein-AST NPs) 438k .

PR B — 7 J53 i () BT P AT IS (Gum: Arabic, GA) ¥ T 28 18 7K o {8 FH g 156 1 45 050 1 W o0 2 W Tk -
pHEHZE 3. 5.8 GA WK . ¥ GA WM AR Zein-AST NPs 73 HOK 1. GA Fl Zein 1 57 &
1.0 1.5, @ 13 $E 2 h(FEFEIE T L5 # 2 800 r » min '), B.0>(5 000 r « min ' ,5 min) ER AN B MY
5 A3 5] Zein-AST-GA NPs J3 B0 » e 245 3 1Y K BE 5 1 -IF 7 R BT hi A0 B2 6 94 K BURL (Zein-
AST-GA NPs) 2y 8P Zein B JEEWE N 2.5 mg » mL ™', Zein-AST-GA NPs 738U fE —20 CF,
WR 12 h g, HES R TRILS R T4 24 h, 153 Zein-AST-GA NPs,

2.2 Pickering 3% B §l &

DUARFR 53 80 30 26 19 K K 3t Jhy 3 A o 1] K 9l ool AU LR Ol 0. 03 mg » mL ' ) AST, 7
12 000 r » min™ ' 5T S A AST B9 E R8I A BT WK Z R 6. 25 mg « mL ™" 1) Zein-AST-
GA NPs 73 HUOR T NS5 oI5 4k 2285 8] 3 min, 13 3] Pickering FLifK .

2.3 HEMTHOINLE

# 2 mg Zein-AST NPs ¥y K Hl 2 mg Zein-AST-GA NPs # K43 35 KBr iER& B IR S Y 0T B i g
o3 I s 1l J80Z5 B b s SR T AT L o 28 46 2 U WO T ASCHE AT 0 A A o Ol R B I B B BTl 4 000~
400 em 'L EEERCN 4 em L, HE 32 Ik,

2.4 X HH&iTE

PL2% « min ' A0k 5T~ 45 AT AT Rl . B HLE N 40 KV H N 40 mA,
2.5 REBETFERE

i FH 4 T B30 (SEMD ML 2E Zein-AST NPs Hl Zein-AST-GA NPs f o0 IE 5 . 48 FH 6 40 %5 %
B R A AR A STE B T AR AR MR AN B AR I T O W A PR (T 3 R S R B AE 15 kV i
JnE B T il sk SEM EI&

2.6 ZFLiKHIEKE

¥ Pickering FLI& 43 51 i 10 2 2 T K b =52 22 18 K Hh a0 300 RE 8% 7E 7K A Hh ol 43 O 7R Il
AH A AR TR A B 27K O/ WO RLZLIE . )22 K B il K (W/O) BIZLE .

2.7 FLBHM &S

W — TR 5 A5 M FLIORE I 2D B Ry OSSR Y & EIEEH
B . H#E— PR Zeinn AST-GA NPs W Bf 75 3l 7K S 1w 4 1148 #5808 U5 %t Pickering 3L i
IS, W AES AR R 5 A5 e D L e el A ME % i A X A Bk T .

2.8 MEFHA

K MCR 302 B3 A5 ASUBF 58 AS [ 31 AR AR R 23 %0(10 %6, 20 %0 .30 %, 40 %, 50 % . 60 %) Y Pickering
LR 24T R B TR E AR 40 mm, [AI B 1 mm, AR a0 BUE & Pickering 2L 4 T i
LR TR . BT E) RN 0. 1~100.0 s 78 PR PN I 5 2 RG BB, 42t BY 1) o SRR Bl 4%
£ 0. 1~100. 0 Hz i [ N 174K 548 0 A8 S 126, I 2 it RE A & A RFER i 5 AR E R .

2.9 FIEH

K FLATHE BT PP 2L IR A B 1 & 0t O 0 SR AS IR RS M 2 1 N B A ZLR 0 5 8 B (CH D) TS

AR EE(H) . I Wi E AN
Ic=H,/H, X100%,
2.10 ZEHWBEM

¥ Pickering ZLIEREGI . 7E 4 C 45T . 20 31 & 0,10,30,60,90,120,360 d LK B 7L BT 75 45 .
R G BB AR FLIR I ORI 4 R B LI b AST R R,

2.11 FBHIFFEMNRESE

Ph Zein-AST-GA NPs HFE R, LA AST (9 F K Al AH Gl A AST () BTt ¥ 0. 03 mg -
mL ") AT 2. 2 {5 B 45 Pickering L. FLI  AST 9l 83k ¥ 4 0.054 3 mg » mL ™', id N
PEL, @& 1 (a) R,

Ph Zein-AST-GA NPs Sy esE il LA R Kl Al #2757 2. 2 i 057 B 45 Pickering FL . FL
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AST (it e BE R 0. 054 3 mg » mL ', id 2 PE2, N 1(b) iR .
Zein-AST-GA NPs, W& 1(o) . AST,WE 1(d iR,

(a) PE1 (b) PE2 (¢) Zein-AST-GA NPs (d) AST
Kl 1 Pickering ZL 2~ E &
Fig.1 Schematic diagram of Pickering emulsion

2,12 {RSMEAISEIG

A3rHILL 200 mL, B H0CH 0. 5% ) Tween 80 ¥ 1) SGF (481 B 380 , SIF (40 7 7)) A ¥ A
JiT K 5 AST WRBERY AST P HR W 1T & IR 75 R GCE ) (AST-MCs) i L PE2 F1 PE1 43 Jjl] 25 A AL 3
U 1 37 A 4% CREX 23 F- B ity 14 0000w R i A 42 40 il 8 T A B b s 72 B2 2 (37, 020, 5) C L3
P E N 100 r« min 'WEHT .48 F 0.5,1.0,2.0,4.0,6.0,8.0,10.0,12.0,48.0 h MBI A A H
AR 2 mL B SR T I AR RAFR 2 A BT KB A 2 mL FERVA RS 2 mL IR
VEWIR A5 0,45 pom 1 UE MR BR 25 2% 50 Al T 58 Ah- ] WL 23 66 B THAE K 479. 5 nm 40 & AST
W B TR A5 B[R] A 25 R R OR L 25 BT RBECE (g0 R

n—1
oV + Ep;Vs
po= ——— 1 X100%,

m

o RIS ] ¢ B AST (0 5T B B 5 0,y BORE IR [R] AR AT — S ISP JE) A 19 AST BT ik sV
R A BT SRRV BRI sm, S AST ST 4 .
2,13 KEENARHNEZR

B 24 H A RRAEYE SDCE & 5 PR R R 6 55 0T & ik BE 9 AST £ oKl i AST-MCs,PE2 #il
PEL L/ M 4 A (n=6), AST E K4l . i AST-MCs 4 il PE2 4] Jy %t B4 . PE1 40y SE 86 41 .
TR RG AR 12 ho REEAK 43 I LARI &2 100 mg « kg " #FATHEE . BB SR G 5051 F 0.5,
1.0,2.0,4.0,6.0,8.0,10.0,12.0,48. 0 h X} KFHERMERZ) 0.5 mL i, & FHMF RGBS EP 4
ho R I SRR AT AR SRS L AP s RO S B 5 B R AT il s TR L T E S AST BREE W . DI
FE I [R] g R AL B o ASTT J5 2 vk B g DN AR o 22 1l 1 24 o ik - [ i K 181 . ] Data Analysis System
(DSA) A LAAE 5 & BRI AT 73 it S 25 3l " S RO A R (F) . F i h

AUC g~y as10

J:EVF :AUC(OMM.'I‘%T‘Lﬁ%IJ%IJ E@%%ﬁi{ﬁgﬂﬂ‘ IETJ Eﬁﬂ éﬁ?ﬁﬁj\ ( Hj‘ |ET] j\] 0~c2) 3AUC(ONM),AS'I‘()% AST
T KV 24 ) S5 e ] gl T T AR (B[R] 0~ o0)

3 KXRERSHN

3.1 BEMHTHRAINEE

i AR 2T Ab (FTIR) D63 38 3 1 T 0F 98 52 G 4 b v 7 9 A0 B4R TS BRI, I %2 T Zein, GA,
AST,Zein NPs,Zein-AST NPs,Zein-AST-GA NPs () FTIR & (& 2)., B 2 d.v ik, dE 2 af
HANE 2 s,

1) 78 FTIR #3408 3 100~3 500 em ™' A IR IS4 ISl F 8319 O— H iR sht " 51 1, 76
Zein,GA H1 AST (1) FTIR J6i b, 0 b (9 R AE W I 5020 1 g 3 424. 02,3 424. 95 F1 3 495,50 em ' 5 Ze-
in NPs S 4 FAF 0 I Bk 3 416. 49 em ™' 5 7E Zein-AST NPs il Zein-AST-GA NPs {5638 4, & 58 1Y
PRI W BB 3 % 3 427,33 cm ' Fl 3 416. 27 em 4k, FTHILE Zein, AST Fil GA Z [RIJE % T & %k .
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2) BEJREWE N 1650~1 700 cm ' 4b ‘\\\\\////\/f/”']?;;;;\/\/f\\ GA
O i A% M T 440 7E D 0 1 500 ~ 342495 i

1550 em A U MCHE I A R 1 AFC L mg SRams o Tss s e
N < N 3495.50— AST
T AR C—O i C—N g 0T T reew OIS
1, 26 FTIR Bl Zein 040 1 656,17 34160 e sss RN
— NN = <7536, -
em b WR T — ANEE R T A, 7R B BN S Zein-AST-GA NPs

1537. 15 ecm "4 BR T — B 1] 3F 5 Zein 341627 1656.19- 340 0" 10262
NPs B EEfE 1 47 &R & A5 5l BE i 1187 0 FRAE 40Ioo 35|00 30|oo 25|00 20|00 15|00 10|00 5(|)o
W% % P ¥ 9 1 535.50 em '3 AST 9 FTIR e
JETELE W E M1 650,82 em bR T C=0 2 B A 4 2T A1 S i
E@Tﬁﬁa%:{zj] X ﬁ:dj‘i’ﬁﬂtj{] 1551, 63 cm ' b 5B o7 Fig. 2 Fourier transform infrared spectrogram of samples
AT F I C—C MR a2 sl 7R ECH 976,42 em™ ' Ab R C,C Hfprh C—H phr e 2l . 78 B 50l
976. 42 c ' Ab IR R METE 2k T s Zein-AST NPs fBE T . T aF 0 B E 9% 1 653. 96,1 536. 14
em 4b LKW Zein M AST 22 (6] 7 76 # B A E AR [ IS Zein R AST #8H A B K P Ui B Zein F
AST Z [8) W] BeAF7E B K AH ELAE R » 8 /K AH B A F A AT R 2 JE B Zein-AST NPs (%) 55 —F/E H J7 5 Zein-
AST-GA NPs )G - FEJE 5 1 656. 19,1 540.32 cm™ " W n i BEE T L4, 2B Zein, AST il GA
ZIEEETHEMEER, S5 Zein-AST NPs # L, Zein-AST-GA NPs TEJE$(H 1 072. 62 cm™ ' 4k B R
T FRIEUE X R GA FRIELE , R W] GA © 2 W3] Zein F 1, R W] Zein, AST I GA Z [a] /] fE 17
T S B AH T AR A G K AH FLAE T4
3.2 XHELTHIH

ffi i X 52 fi7 8F (X-Ray Diffraction, XRD) %4301 Zein, GA, AST,Zein NPs, Zein-AST NPs, Zein-
AST-GA NPs 615 X S A S 1% . an el 3 iR . |
Pl 3 A Zein 7E 9°F 1978 7R Hh P A SEATT 5 04, R W AR A1
JEWTCE TG GA 78 19° R H — 4> ST 5 06, R B R
R L ETEME; AST 7 11. 2°,13. 9°, 14, 4°,16. 5°,

18. 6°.20. 871 25. 7" HATJRBLHO T e . 4 W) AST (757 AST
B3k 5 45 8 45 45 fE Zein AST NPs l Zein AST-GA o7,

NPs 1§ XRD S th 91 B4 & B AST RS AERT ST 1) ——— e
__—,_/—\‘__ﬁ ein S
AST Tl il 3t 5 Zein ZRIMH KM EIER AL EEIE s a0 39 a0 o

2540 7 76 9 K FORL 1 ; Zein- AST-GA NPs [l (A% T Ze- 26/)
in-AST NPs (WA, W] Zein 5 GA Z [ F£7E 5> F [ (19 B3 RE ) XA i i

FIH s 5 4 4038 AST ) Zein NPs #l [, Zein-AST Fig. 3 X-ray diffraction pattern of samples
NPs [ £77 §F 0 888 BB 90 725 L 06 B Zein A1 AST 22 [ 4748 53 F I A M1 AR F
3.3 AMBETFEMESN

K FHHI# T M08 (SEMD X Zein-AST NPs il Zein-AST-GA NPs (4 (OUL 25 ¥4 #5177 R 4E 4138 i
Bl sl 4 R .

(a) Zein-AST NPs (b) Zein-AST-GA NPs
P4 A a4 4 R B 1A

Fig. 4 Diagrams of scanning electron microscope of samples
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i /& 4 A% . Zein-AST NPs SEERIE . R 61 R AE 2908 100 nm, 55 49 K R0 BE U 2 A 25 S AH %
N BN GA J5G s Zein-AST-GA NPs [Ri #2458 K I IR B &2 G 9K Uk 22 8] AH B 32 B GA Fl Ze-
in 2 [8] A 3C BG BT RE R 1k & AR 78 2 1 N0 L 38 BT BB & AR A 4 T) S BUBURL 22 8] T 8 1A B
3.4 Pickering ZLi& KB AR &5 44

Pickering LK A2 AN Lo, W&l 5 frs . |1 &l 5 Bl LK
VOO E /K AH T 1157 43 0, AE S AE TP R AR B BB B OO B
BLEE Zein-AST-GA NPs Fa i 1 Pickering FL ik i 5 1 2544 .

158 50 Wi L & 6 BT . fh L6 AT R i A Bk e B
YR BGR O B O R Zein-AST-GA NPs # 2 2 5
A Qe RPLLL A A e B2l e 8 1) G 60 9 A T BROE W Il 5 Pickering 3L i i 2 B %] b

] 5 9 L7 0 6 21 €5 ) B, 26 9 Zein- AST-GA NPs I i 75 Fig. 5 Comparison of
TR S 3 A S K ORI A T AST Pickering emulsion types

Pickering FLI A /KA (O/ W) RUFL ¥

(a) Je 4Ly a3 AH (b B¥#E A Y aE o i (o) &
6 Pickering FL 5t 1 £5 1) 1 48] & 2 % W3 ET &
Fig. 6 Inverted fluorescence microscope diagram of Pickering lotion interface structure
3.5 Pickering LR T HEEE D
i3 Pickering FLR AU AL AT LU S 3t 1 A G 9 BB 45 4 L A [R] il AH R B 20 B9 Pickering LA
ARV UNEL 7 TR . BT e SRR 5o BT UIHR s o R IRER MBI £ OIIR GO RE B R G
PFERL .

1200 - 0=10% 120 - v ¢=20%(G") 9=20%(G")
0=20% 4 9=30%(G") A ¢=30%(G") .
1000 b *9¢=30% 100 |- *$7=40%(G) o 9=40%(G")
4 9=40% ®0=50%(G") @ ¢=50%(G") 1
* 0=50% ® p=60%(G") © p=60%(G"p»
_ 800 = ep=60% £ 80 3
P ¢ .
£ 600 ¢ S 6| .
e 1 © H 8
. e o [.]
400 & 0 a3 g 8 8 A v
1 . .‘ 6 A v
200 - $ S 20 4 v
* R A A A
. cottzsiiiiizese . 124 8 , ,
0 50 100 0 50 100
v/s! fHz
(a) BYYIEE AT 1 K R (b) M5 G G XF

B 7 AR AR AR S 0 Pickering 20 AZ #7 1%
Fig.7 Rheological properties of Pickering emulsions with different volume fractions of oil phase
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X-Ray Pipe Weld Detection Algorithm of Improved YOLO

WANG Hejia', LIN Ning®, LIN Zhenchao®,
HUANG Kai*, NIU Dun?, ZHENG Lixin'

(1. College of Engineering, Huaqiao University, Quanzhou 362021, China;

2. Quanzhou Branch of Special Equipment Inspection Research Institue, Huaqiao University, Quanzhou 362021, China)

Abstract; An improved YOLOv8n-MG algorithm based on the YOLOv8n algorithm is proposed to solve issues such
as the small targets, overlapping occlusion, and large number of algorithm parameters, ezc. Firstly, the GSConv and
VoV-GSCSP modules are introduced to reduce the complexity of the the algorithm and enhance its ability to detect
rough edges of defects. Secondly, a lightweight up-sampling operator, Carafe, is used to replace the traditional up-
sampling, preserving more detailed features. Finally, a mixed local channel attention (MLCA) mechanism is intro-
duced to retain more spatial feature information with lower computational cost and parameters, and the Adam optimi-
zer is used to improve the algorithm's learning ability in complex parameter spaces. The results show that compared
with the YOLOv8n algorithm, the optimized algorithm reduces the number of parameters by 11. 3%, improves the
detection frame rate by 7. 7% . and improves the average accuracy by 2. 8%.

Keywords: weld defect; defect detection; mixed local channel attention module; YOLOvS algorithm; detec-

tion frame rate
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Fig. 5 MLCA mechanism
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Tab.1 Comparison experiment of optimized neck

Bk P./% n/ K p/F s m/10° 4~
YOLOv5 89.3 7.5 65.8 5.4
YOLOv5-GVC 90. 6 7.6 77.4 5.1
YOLOv8n 92.3 7.4 79.5 6.2
YOLOv8n-GVC 93.2 7.3 81.8 5.3
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Tab. 2 Comparison experiment of different attention mechanisms

Bk P./% n/ Ik p/Fes! m/10% A4~
YOLOv8n-GVC 93.2 7.3 81.8 5.3
YOLOv8n-GVC-MLCA 95.1 7.5 85.6 5.9
YOLOv8n-GVC-CPCA 91.7 8.2 52.3 6.0
YOLOv8n-GVCk-LLSKA 92.5 7.6 69. 8 5.9
YOLOv8n-GVC-CBAM 93.9 7.3 67.8 5.8
YOLOv8n-GVC-SegNext 91.9 7.8 65.6 5.9
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Fig. 8 Detection results of improved algorithm
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Tab. 2 Theil indexes and contribution rates of new-type urbanization development level in Xinjiang

A Ay T T, T, T, (THE/ %)
o GEmk/ %) (T S EA ERER ¥ 11 e e e
0.015 0.023 0 0.035 0.007 0.010
2007 0.038
(40.08) (59.92) 0) (53.36) (2.55) (4.01)
0.017 0.022 0 0.035 0.004 0.010
2008 0.039
(43.59) (56.41) (0.08) (51.1D) (1.65) (3.57)
0.016 0.021 0 0.034 0. 006 0. 004
2009 0.038
(43.77) (56.23) (0.04) (52.14) (2.45) (1.58)
0.015 0.016 0 0.025 0.008 0.004
2010 0.031
(48.08) (51.92) (0.01) (46.04) (3.82) (2.04)
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Py T T, T. T, (k%)
TR/ 200 (FIRRR/ 20 Jpgmdes PRIEA: PRIL L 98 = N

0.017 0.019 0 0.031 0.007 0.002
2011 0.035

(47.42) (52.55) 0.1 (49.11) (2.71) (0.61)

0.016 0.020 0 0.032 0.007 0.002
2012 0.036

(45.26) (54.74) (0.01) (51.26) (2.81) (0. 64)

0.017 0.020 0 0.032 0.012 0.003
2013 0.038

(46.12) (53.88) (0.01) (48.16) (4.42) (1.28)

0.018 0.021 0 0.031 0.013 0.005
2014 0.038

(46.43) (53.57) ) (47.10) (4.42) (2.04)

0.017 0.020 0 0.031 0.009 0. 006
2015 0.036

(46.41) (53.59) 0) (47.96) (3.29) (2.35)

0.015 0.020 0 0.030 0.009 0.010
2016 0.035

(43.06) (56.94) (0.02) (48. 86) (3.69) (4.37)

0.012 0.020 0 0.032 0.009 0. 007
2017 0.032

(37.79) (62.17) (0.07) (54.51) (4.06) (3.54)

0.017 0.025 0 0.039 0.009 0.007
2018 0.041

(40.04) (59.96) 0) (54.47) (2.9D) (2.57)

0.013 0.021 0 0.035 0. 005 0. 006
2019 0.035

(38.49) (61.54) 0) (56.47) (2.29) 2.77)

0.012 0.016 0 0.025 0.002 0.007
2020 0.028

(42.99) (57.04) (0.15) (51.41) (1.22) (4.25)

0.011 0.016 0 0.025 0.002 0.010
2021 0.027

(42.04) (57.96) (0.18) (50.65) (1.14) (5.99)
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Fig. 6 Evolution of new-type urbanization development level in four regions
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Tab. 3 Classification criteria of coordination level of new-type urbanization

V7 % ) B I B A T R KO B AR b
Fig. 7 Temporal changes in coupled coordination

degree of new-type urbanization in various prefectures
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Fig. 8 Spatial distribution of coordination level of new-type urbanization in some years
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Tab. 4 Regression analysis of dynamic factors of new-type urbanization coordination level

AEr e R

3 5 g Pl Z 2K T p VIF
AR —35. 807 21.977 - —1.629 0.105 —
In ECO 3. 843 1.273 0.172 3.018 0.003" 3. 448
In GOV —8.387 0.910 —0.429 —9.216 0 2.303
In MAR 10. 102 1. 409 0.564 7.170 0 6.578

UIS 3.068 4.173 0.028 0.735 0.463 1. 547
In OPEN 2.236 0.392 0.224 5.708 0" 1. 642
In TEC 1. 651 1. 204 0.116 1.371 0.172 7.575
URI —5.458 1.219 —0. 242 —4.478 0 3.117
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Analysis on Measurement, Spatiotemporal Differences and
Influencing Factors of Digital Economy Development
Level in Chinese Provinces
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Abstract: Based on panel data from 30 provinces (autonomous regions, municipalities directly under the Cen-
tral Government) in China from 2015 to 2021, a comprehensive evaluation index system is constructed from
the five dimensions of digital infrastructure, digital innovation environment, digital governance, digital indus-
trialization, and industrial digitalization. The entropy method is employed to objectively measure the develop-
ment level of the digital economy in each province. Kernel density estimation and Theil index are employed to
analyze the spatial and temporal differences. The influencing factors of the development level of digital econo-
my are analyzed by constructing the geographic detector with the optimal stratification. The results show that
the development level of the digital economy and sub-dimension indicators in each province have increased sig-
nificantly. The leading regions of digital economy development are in the eastern part of China, and the pro-
portion of provinces with low-levels is declining. Compared with 2015, the overall difference, intra regional
difference, and inter regional difference in the level of digital economy development in 30 provinces (autono-

mous regions, municipalities directly under the Central Government) in 2021 have significantly decreased.
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During the investigation period, the influencing factors of hierarchical heterogeneity in the digital economy de-
velopment level, in order of average explanatory power from strong to weak, are government investment, eco-
nomic level, urbanization level, human resources, and industrial structure.

Keywords: digital economy; spatiotemporal difference; influencing factor; geographical detector
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Fig. 1 Digital economy development level in 30 provinces (autonomous regions,

municipalities directly under the Central Government) of China
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(autonomous regions, municipalities directly under the Central Government) of China
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Tab.2 Mean value of digital economy development level in 30 provinces (autonomous regions,

municipalities directly under the Central Government) of China from 2015 to 2021
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Tab. 3 Average level of digital economy development level in 30 provinces (autonomous regions,

municipalities directly under the Central Government) of China in different dimensions and regions
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Fig.3 Kernel density curves of digital economy development level from 2015 to 2021
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Tab. 4 Theil index and its contribution rate of digital economy development level from 2015 to 2021
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Tab.5 Optimal layering of geographical detector

Ay e x x5 X x x5
2015 532 Tk I EL k PEH R I EL AL k YEHE S
=5 6 7 8 8 7
2016 532 Tk 6 () k HEHERE AR A4 AL k YIEHEE
=3¢ 5 5 8 7 8
5017 532 Ik B 4 8] W AR AR AR k YEHE
=354 8 7 8 8 6
2018 I3 )2 T B 4 8] W i AR AR A 4 AR k YEHE 2
25K 6 7 8 8 4
2019 O3 )R TT k BEER k BJEE S AR AR k YIEHE
S5 7 8 5 8 4
2020 532 Tk 44 8] W k PEH R S EL AL k YEHE 2
=5 7 8 5 8 4
2091 532 Tk 6 () k HEHERE 6 () AR 6 ()
=5 5 6 7 7 6

#6 RMWDZAETETHRN ¢ EEAEE p H

Tab. 6 Factor detection ¢ values and testing p values under optimal hierarchical combination

i gy a =

X Xo XT3 xZ Xs X Xo X3 Xy X5
2015 0.8171 0.4465 0.5848 0.3640 0.6769 0.0000 0.2748 0.0280 0.2932 0.0100
2016 0.7516 0.3926 0.597 6 0.4756 0.7031  0.0004 0.2537 0.0227 0.0615 0.0083
2017 0.8079 0.3629 0.5977 0.5438 0.6996  0.0002 0.1869 0.0226 0.0491 0.0033
2018 0.8706 0.3179 0.5933 0.5543 0.6617 0.0000 0.2657 0.0243 0.0496 0.003 1
2019 0.8647 0.5027 0.6227 0.6355 0.6357 0.0000 0.2254 0.0010 0.0141 0.0055
2020 0.8882 0.5188 0.6299 0.5095 0.6109 0.0000 0.1809 0.0008 0.0807 0.009 7
2021 0.7217 0.6917 0.5932 0.5919 0.6355 0.0007 0.0133 0.0493 0.0101 0.0216
HIH 0.8174 0.4619 0.6027 0.5250 0.6605 — — — — —
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Fig.4 Type of interaction of five factors under optimal stratification in 2015, 2018 and 2021
A \A
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KTEETEDB W ETIER S 5E L
Ry(X)={x€U|[2,NX#T).  Ry(X)={x€U|[+],=X}.
HEt: d BESFMERLRA
R,={(x.y) EUXU|d(x)=d(y)},
[2],={y€U|(x,y) €ER,} K x KT d MEMI.U/R,/={R,(2) | 2€U} Bl R, M.
X FEEMIRRE DEU/R, U 853 L 3 D HAFHZZ Y X s, Bl
POSB(D):BB(D):{[I]B [[z];&D,x€U},
Negy(D)=U—R;(D)={[2]y|[x]sND=f, €U},
Bnd, (D) =R, (D) =Ry (D) ={[x]y | [, EX [« ]y NDFED, 2 €U},
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P 2 Posy (D) 0] LLSE 20 € J& T D A5 SORL, FR b #2523 Negy (D) 2 58 2 A& T D 15 BoRL, Fx
ML 3K Bndy (D) JEARBER E 8 T D 88 T D (5 B8R FR Wi Ak Pos,; (D) 5 Neg (D) 58 42
AT DL 5 9 X 38, 1 Bndy (D) 2 A1 2 P X 8,

EX 2 & S=WU,AUdD E—1TIRKER RS . DEU/R, . %

UNCA,D)={[z]s|[2]sED 2], N DA, €U},

M#F UNC(A, D)l D XT B BIAHHE T

Ko H5IH 1,

51 17 & S=W,AUdDKRI —PMIFEFER R%E.DEU/R, . 2 €U MH

2EUNC(A,D)=[ 2], SUNC(A, D),
2§ UNC(A,D)&[ 2], NUNC(A, D)=,

1.2 SRERXRRBEERAGRFIAMEENEAREEE
EX 30 L% S:(UsA)j"jgﬁgrﬁlﬁngba/ﬁ;qj U= {x1,25, 9x11}%—4\3F§ﬁI§E%é’A:

{aysaz s sa, e —PAEE KRR BB o A s DREE I HIMERWN 1<<s— 1,1 <
mFEIE— S g ViV il o =gt e al IR R 2 € ULH o (o) =g (al (),
Vi={aj() |2 €U} & a; KFHr REMEN o) MMEBL g FRANEKMFEME o, W r REFISE r+1
1) s J32 2 48 R BN

RHEE X 3.8 XTH e REMERLRGE U AD=WU.{d}db,.a ) I HXMEEN €U 4
Lo Elalar S Sl S o BRI BRI Bl A ROBE 04 Jal 2 1 328 5 72 24

AT — etk Ny iR 5 S 3 MR SCHik [ 20-23 TR 1 B R Bl 5 RUJEE A9 3 Jon i 3 387 A8 4
DA M 316t 338 0 1 T AT

[xly Elalp S Clala,
EX 4 W S=WUAUdDHERERFFERBRE.S=U. DR N EZREFLERFE.AEA
T NRREME MR RN d BRNEM KRN
R,={(x,y) EUXU|d(x)=d(y)},
R A5 SR S Bt 25 U A9 386 Jon i 52 4 A8 4, ST R 9 DEU/R, A
Ry (D)SRe (D)S++ SRy (D). Ry (D)2Ry (D)2 2R, (D),
HAE R IEALE LU B53 3 AN HASARSE I X3, B
ACP(A*,D) =Ry (D) ={[a]y [ [«l¢ ED,2 €U},
REJ(A*.D)=U—R (D)={[x 1y |[x]¢ ND=C).x€U}.
UNC(A*.D) =Ry (D) =Ry (D) ={[a ]y | [alv ED. [ lv ND#T . x€ U},
H# UNC(A*,D)STUNC(A* ', D)=+ UNC(A', D),
HRA P B = S sk g A
ACP(A*"',D)=ACP(A*,D) UK,
REJ(A*',D)=REJ(A*.D)UJ,
UNC(A*',D)=UNC(A*,D)—L,
A, K = {(xEUNCA*\D)[[2]¢ € D}; J] = {z€UNCA"\D)|[2]¢r N D= }; L =
{x€ UNC(A",D) |[a s EDALa]a NDFET) .

2 RO P RAE B R Ge AN [F) RUBE 0] 1) {5 BB AL R AN — B L A0 20 RO 1 B AR B3 A o (R TRV IR T
TETR NS 188 22 L 150K RUBE R ARRS B A TR VT AR 2R RS 8 . AR A A — A il
TR TRIZ A 3 0 3 R o TR LA 9 DA H AR AT 7 B DA /N DR T R BB 38 H b o B DA R i) R E
AR H Y A 1 2 0 D 5 RE ) 1 FE AR b o 1 SR AR A B X AR I SR A e s
I B S,

EXS5 % S=W,AU{d}) N MDIS,DEU/R, M BAFE— 4 1<<k<s, ffif UNC(A*,D) =
UNC(A*, D) fHAT B <<k UNC(A*,D)CUNC(A", D) J§i~7  WIFR & & D ()R aB i R
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MR L 5. % F DEU/R, - B UNC(A',DYSUNC(A™ ', D)+ S UNC(A', D), g 562 D &4t
B R RO A AN T 52 P /D B e g RUBE A DR SERE T Bl o DRI e e O A1 Jmy 98 0 S0 A Al 12 ) S AL R
JEE BV DRA Jra 388 2SR B ) AN AR Y e R

2 EMMEEFHTEREAREEEREZEMRENERNE

TP AN ZREREHFERRSE S= WU AULD  4E B RERM— DXL v B RE R A
1 2 P 0 e 0 RUE AT B A A B8 s BT IR 3G I — S XF e y S AN P RN SR D0 ROBE I SR R . A s
FIR AT I — A% GRS R R B 2053 B R 10 +158Y =W, AU D) ST = (WU AU D 41
SR BFZ) e+ 1 XN 2 R B RE U = {2 a0, x, b Usn = sy s o0, v 143 51 R B
0 tar+1 RGER R Lo Lo s L D0 A3 X B o 5 b ROBEETFAERN 20 004+ 1 SRS, T LB
FEXTEEBAT G R GE S, SYT VIR, Rtk 5 | B EE B R b O TSR A SR AT S 1 R S WA T
SRR ARIXT A v

R ARIXR y AR WAETE c€U, ALy ]y =La]i Uly)s

T D,eU,/Ry ISMME v J5 Doy €U,y /Ry & D, BYHHT WA

_{D,U{y}, d(y)=d(x), VYx€D,,
t+1

D, b,
glfﬂ 2[20] X‘T%'fi%ﬁﬂ@ Dr eUr/Rd 7D:71 eUle/Rd 7?_:‘ Dr E@E%ﬁ!lgkgsJ_wﬁ
UNC(A*, D) Uy, € UNC(A*.D,. ),
UNC(A*. Dy = o Y 1

’“)TUNC<A'«,D,>, HoAl,

MWHE S| 2, B4R . UNC(A*, D) UNC(A*, D, ),

Wik — 2 A 51555 5 3,

5133 X/ D,€U,/R,»D,i, €U,.. /Ry 2D, WHEH [y =[] Uly) I<k<<s, FUTF 2
S5 HLOL .

D 2k D,y =D, U{y} A

UNC(A*,D,), (2] <D,
UNC(A*,D,.1)=<UNCA*, D) U[x]y U{y}, Lx]i ND=,
1UNC(Ak,D,)U{y}’ HoAth

2) Wk Dy =D, NAH

UNCA*,DHU[x]¢ U{y}, [2]4+ <D,
UNC(A*,D,,,) =< UNC(A*.,D,), [x]w ND={7,
1UNC<Ak,D,)U{y}, HoAth

SCHRL23 v 2t Fe tfe RUBE A8 /N1 78 43 b B2 251

EE 1™ & DeU,/R,:D €U, /Ry D, B r R 43 A& D, D,y AL R [y ] =
Lo Uly) o R<r B HAUY LT 3 455 1oT

1) yE UNC(A*,D,, ) ;

2) € UNC(A*,D");

3) UNC(A"',D,) —UNC(A*, D) =[x,

EE2 ®DEU/R, D €Uy /Ry & D, WWHEH . r R 53 3ZE D, Do MERMERE  #H Ly =
[zl Ulyt,y& UNC(A*, D, ) 0] =R,

WEB T y& UNCA D, ) ARIESI 1, A [y Ja NUNCCA . Dy ) = it La Jx MUNC(AY,
D)= or . X r BRER D, RN A UNC(A,D,) =UNC(A", D), #k[x]sr NUNC(A",
D)=, 4y Wi R BLIE R vy € UNC(A”, D, ).

D YD =D Uy}l y¢& UNCA* D, ) K[yl =[xlv Uiyt Ala]ie ED, [ ]v =D, ,
W5 UNC(A*,D,) =UNC(A" . DO FJ& i LyJor =[xt U{y} =D,y B} y€ UNC(A", D,
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2) ¥ D, =D, ULyldf, i y&€ UNCA*, D, ) KLyl =[x]o Ulyt ALe]e ND =, L]y N
D, =, & W5 UNC(A*, D) =UNCA", DHOFJG . Ik Ly]y NDi =, Bl y& UNC(A",D, 1),

M4E5| 3 2, UNC(A*, D,,;) =UNC(A*,D,),UNC(A",D,,,) =UNC(A",D,), it f UNC (A",
D,;1)=UNC(A".D, ).

D5 S B RS2 D, A R B T L UNC(A, D) CUNC(A” ', D), AT UNC(A",
D,;1)=UNC(A’,D,)CUNC(A" ', D)ZUNC(A" ".D, ). JIflk r=R

EHE3 WD EU/R,D €Uy /Ry 2D, B Fi.roR 43512 D, Doy I EARRE [y ] =
[y U{y) 4 € UNCA*, D), )| r=R

W 5 2 € UNC(A*, D) 4 yE€ UNC(A*,D,. ) [l UNC(A*,D') =UNC(A", D), i LI A5
2E€UNC(A", D),y € UNC(A", D), I G 2, 7] 3 UNC(A*, D, ) =UNC(A*, D) U {y}. A
UNC(A",D,;,)=UNCA", D) U{y},

H .4 UNC(A*,D,, ;) =UNC(A",D,, ), UNC(A*,D')CTUNC(A""',D') .4 € UNC(A""",
D) ,yEUNCA™" D, ), \Tfifs UNC(A',D,;,) =UNC(A',D) U {y} CUNCA"", D) U{y}=
UNC(A™ ', D, ) JIF Lk R=r

R4 EH 2 H5EH 3, {Rbnﬁ% yJE W y& UNC(A, D,y Dk # € UNC(A* . D) | D,y 5
R EEWIE r B, Hitig y€ UNCA' . D, ) H ¢ UNC(A , DO TENL . BN rJ& D, Mt RE,
filt UNC(A*,D') =UNC(A",D") , \Tfij 2 UNC(A",D"),yE UNC(A",D,. ) AR4ESIFE 1 55|13 3, %
VECE I NN

14 #r D, WRILRE,yE UNCA*,D, ) H ¢ UNC(A*, D), A

(2] NUNC(A*, D) =7,

(2] NUNC(A", D) =7,
UNC(A*.D,,,)=UNC(A,.D)U[z]+ U {y}
UNC(A",D,.,)=UNC(A".D)U[x]v Uiy

EM] . yE UNC(A*,D,, ), x € UNC(A*,D,), ﬁfﬁ@lfilT%‘{yL CUNC(A*, D, D H[x1+ N
UNC(A*, D)=, WRIE51H 3,145 UNC(A*,D,.,) =UNCA*,D) U[x]y U
T r & D, WP RE L UNC(A, D) =UNC(A", D), \Tii &
(2] NUNC(A*, D) =7,
UNC(A",D,;,)=UNC(A",D) U [z ]y U{
25 R L RN AR 578 R 043 b 56 GE L 4,5)
EEE 4 & D€U,/R, D €U, /Ry & D, WHEHFi.r R 53JE D, D BN, [y]y =
[x]y Uiy}, y€EUNC(A* D, ), H 2& UNC(A*, D) | R=7 >4 HAL Y LI T A 415 1807
D [I]A‘ - [qu H
2) UNC(A” ',D,;,) —UNC(A*,D)D[x]4 .
WEW] AR GG 513 4, F
UNC(A*,D, ) =UNC(A",D,, D&[x ]y =[x .
X PR UNC(A,D)YCUNCA™ D)L FFA
UNC(A*, D, )CUNC(A" ', D,. 1 )&UNC(A* . D) U[z]y Uiyt C
UNC(A" ',D,. D&UNC(A™ ', D, ) —UNC(A", D) D[x ],
Kt A
R=r&UNC(AY, D, ) =UNC(A",D, ),
UNC(A*,D, ) )CTUNC(A" ', D, pela]y =[xy s
UNC(A"™',D,. ;) —UNC(A*,D)D[x]4 ,
EEES WD EU/R; Dy €U,y /Ry J& D, W HT ro R 43 51/& D, o Doy I B LR Ly I =
[x]y Uiy} sy € UNC(A* D, ) 2 € UNC(A*, D), W] R>7r >4 H AV Y4
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Lz ] CLady o
EBA AR B 4L
R>r&UNC(AY, D,y )CUNC(AT, D, )& UNC(A, D) ULz i U {y) CUNC(A™, D) ULz U
{yielade Claly .
Bl 1 BEZRIEREGE BRG] D SR 1 FoR. B8 88 MDST Jese 2 14 Jq # 5 LR o
#1 HEZREREELREWD D

Tab.1 Dynamic multi-scale decision information system (example 1)

U al at as al al a; d
X Y S 5 N L 2 1
X Y S 4 Y S 4 1
X3 Y S 4 Y S 5 1
X, Y M 3 Y M 3 1
xs Y M 3 Y M 3 0
X6 N L 1 Y M 3 0
X7 N L 2 Y S 4 0
X N L 2 Y S 5 0
y N L 2 Y S 5 0
z Y S 5 N L 2 1
WU = {21 sxss sz b BXE v BB INBI R GG X B b RBE MR AT 58 . &k mT i

U,/R,={D,,E.}={{x) 25,2524}y {x5 s 26 »27 525} } »
U,/Ry =z} {as ol b ol s s b o {as b o {ar b o {as ) s
U,/Ry={{x1}{xs x5} s {xssxs) s {as) s {arsxs) )
U,/Ry ={{x1} {xs x5 i35 ) o {xs 27,38} } »
UNC(A®*,D,)=UNCA’ ,E)={x,75}»
UNC(A*,D,)=UNCA* ,E)={x, x5} »
UNC(A'",D,))=UNCA" ,E)={ay,25 2, »25} »

Hit. D, . E, #5785 o REZ#R 2 2.,

MIRAXN G y A E =E Uy &8 aig.[y]) :[1\%]%3 U{y} s UNC(A® D, ) = {25
x5 s 3} UNCA® L E ) = {wg s v o ) o[y 10 = Lo I Uy} s y € UNCCA® . Dy ) s QEUNC(A‘*
D [as Ty Clas T HRYEEFL 5. D IR RERF D, B RBE d[y]0 =[x v Uiyl y€
UNC(A® E, 1) s x5 € UNC(A* E) s Las Jv Clag Jar s Evy B AL RE R T E, El/‘JHiﬁEREo ,IHL:%;
D1 s Eco R R EEER Ty 3.

BIWAME 2 64 Doy =D, U {2y Gt iH 5 a3 8 [ =0 =[x Jv U {z) . UNC(A’, D,y,) =
UNC(A-’*,E,m:{I,l,xs},zeUNaA-f, ,H),zeUNuA-ﬂ, E D @M 2,D0 5 E o R R E
AR H N 2, B F Lo v =20 [ ] =25, FL UNC(A',D,..,) —UNC(A*,D') DUNC(A',D") —
UNC(A’, D) ={xy, 25} #[ 2, 43 UNC(A' ,E,;,) —UNC(A’,E,) DUNC(A' ,E'") —UNC(A*’,E,) =
{aysxs } £ Ly 1 s

FR A B 1, TCIR I AT XS 5 e RBEE A 2378 /)N

B2 SHEZRERRGEERGE W] 2), 5% 2 . EHisha MDSI SR 5 it RZ .

ZitHa G

’

U,//Ri={D,,E,} ={{x) 25+ 23 sX4 sX5 } s 1 X6 +T7 s Xs s X9 +X10 ) | »
U/Rav =g b o {asar b o {as sas b o {agsxg s )
U,/Ry ={{x1 22} s {as) o Axssxs5 s25 s27 ) s {25 520 s210 ) } »

U,/Rp2 ={{x1 22} s {xs sy sx5 s26 »27 } s { X5 X9 210} } »
U, /Ryt ={{x1 25+ 3 324 s X5 s X6 s 37 | s {Xg X9 +X10 ) } »
UNC(A",D,)=UNCA" JE))={x, 25+ 27 ) »
UNC(A®,D,) =UNC(A’ ,E,) ={x, y25 »26 7 } »
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UNC(A2 ,D,):UNC(AZ ,E,):{I;; s XLy 9 X5 9 X6 al”7}a
[JNC(Al ,Dz):UNC(Al 9E,): {Il s Ly s X3 9Ly s X5 9T s X7 } °
£2 GBZRERRELRRE B D

Tab.2 Dynamic multi-scale decision information system (example 2)

U ai at ai al ab as a3 as d
T Y H A 1 Y H A 1 1
T Y H A 1 Y H A 1 1
T3 Y M B 3 Y M B 2 1
x, Y M B 2 Y M C 4 1
s Y M B 2 Y M C 5 1
T Y M B 2 Y M C 5 0
s Y M B 2 Y M C 4 0
g Y M C 4 N L D 6 0
T Y M C 4 N L D 6 0
kan Y M C 4 N L D 6 0
y Y M B 2 Y M C 4 1
AU D, E, BB R 8.0 AX % y B % 2 0 Doy =D, U (5] By — Eo. R

[y]e+1o =[x Jat Uy} B 2 € UNC(A'. D) s € UNC(A' ,E,),ﬁiﬁﬂzﬁﬂ 3.Di 5 Ec IR AR
JEHAA A H 2,

3 HRIE

TR e 2 ROE RS B ARG — DA% 0 TR e 3RS A A 1 R G R SR RE 1 i — A
R BRI ERANE T RGP BE T Tl . LR 0 PR SRR AE S A0 BT 1 AN W PR AR A
JE AR R AR R IG5 2] 7 0k AN RS RO BI IR B L BF 5 22 RUBE B9 D SR A L AR e R 31 Jm) B e 5 26
T%m@%m%ﬁf%%%%@%ﬁfﬁm#Aﬁ%mﬁﬁﬁﬁﬁﬁﬁﬁﬁ*ﬁ%%ﬁM%R#

SO TR IO GLJE AR G fee I RUBE BB B — Bl T 35 i — A 5E R T X — R S B —E Y
FRAE A (B 52 B A fEL

B K HE— P BTN RSN T 2 R f R[5 R R R MEEIREE R AL RIMLR
JEE BHT ML R R OB B A5 B 45 R T BB AR YT
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E: B 10 @ERME D 28 SR —1,1.1 K8, B G4 1E () ) Douady-Earle #E#i, 8+
T B B BRRR 0.1, 0o = KU Bl I 40 LT e S 1 2 B0 OR R SR IR B ST T i LT e G 45
Douady-Earle ZE4f f*® () IS BFER .

KER: BB, S8R ERE; Douady-Earle iE4H

FESZES: O0174.55 XEEARERG: A XEHS: 1000-5013(2024)06-0808-04

Parametric Representation of Douady-Earle
Quasiconformal Extension

[LIN Zhenlian

(School of Mathematical Sciences, Huaqgiao University, Quanzhou 362021, China)

Abstract: Suppose f** (2) is a Douady-Earle extension of the unit disk D onto itself with the complex dilata-
tion p(2), which kept —1, i, 1 fixed. With the help of the parametric representation of the quasiconformal
mapping of the upper half plane onto itself which kept 0, 1, oo fixed, by using the conformal mapping from
the unit disk to the upper half plane, the parametric representation of the Douady-Early extension f*® (2) is
given,

Keywords: quasiconformal mapping; parametric representation; complex dilation; Douady-Earle extension
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Inclusion-Free Edge Coloring of Halin Graph

PENG Yan, TAN Yi, CHEN Lili

(School of Mathematical Sciences, Huaqgiao University, Quanzhou 362021, China)

Abstract; The upper bound of the inclusion-free chromatic index of Halin graph with the given maximum de-
gree is explored. By analyzing the structure of the minimal counterexample graph, the special coloring to the
remaining graph is done under the coloring of the given partial subgraphs. The results show that the inclusion-
free chromatic index of Halin graph with the maximum degree A is are not more than A+ 2.

Keywords: Halin graph; inclusion-free edge coloring; inclusion-free chromatic index; minimal counterexam-

ple graph
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