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Optimization of Mixed-Strain Solid-State Fermentation Process
for Feed Using Corn Deep-Processing By-Products
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Abstract : To improve the feeding value of by-products from corn deep processing, it adopted mixed strain
solid-state fermentation with Lactobacillus, Bacillus subtilis and Saccharomyces as composite strains. Sin-
gle-factor tests and Ly (3*) orthogonal test were used to investigate the effects of fermentation tempera-
ture , moisture content and fermentation time on sensory quality ,pH value, probiotic count and soluble pro-
tein content of fermented feed. The results showed that the order of influencing factors was fermentation
time > fermentation temperature > moisture content. The optimal parameters were determined as fermenta-
tion temperature 30 °C , moisture content 40% ,and fermentation time 4 d. Under these conditions, the fer-
mented feed had rich wine and soy sauce aroma,loose and moist texture without caking,with a compre-
hensive score of 84 points.

Key words ; corn deep processing by-products ; solid-state fermentation ;mixed strain fermentation ; orthogo-
nal test;protein feed ;soluble protein
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Optimization of Preparation Process for Compound Traditional Chinese Medicine Yeast

Extract and Study on Its In Vitro Hypoglycemic and Lipid-Lowering Effects

XU Shijing* ,XIONG Ke, LI Zhengyang, WANG Shusheng, LIU Binghui
(School of Food and Biological Engineering, Bengbu University , Bengbu,233030, Anhui)

Abstract ; Through response surface optimization experiments, the fermentation of seven medicinal and ed-
ible raw materials (yam,Poria cocos, mulberry leaf hawthorn, ginkgo, oat, and Hangbai chrysanthemum )
by a composite lactic acid bacteria ( Lactobacillus bulgaricus , Lactobacillus acidophilus , Streptococcus ther-
mophilus , Bifobacterium lactis ,and Lactobacillus plantarum) was studied. Using the inhibition rate of o-
amylase as the main evaluation criterion ,key process parameters such as the amount of bacterial inocula-
tion raw material ratio ,fermentation duration, and fermentation temperature were optimized. The inhibition
rates of the fermentation liquid on a-amylase, a-glucosidase, and porcine pancreatic lipase, well as its
binding rates for sodium glycocholate and sodium taurocholate , were also determined. The results showed
that with a mass ratio of yam: Poria coc: mulberry leaf: hawthorn: ginkgo: oat: Hangbai chrysanthemum:
water = 10:9: 8:7:2: 3: 1: 250, inoculation of 1. 5% composite lactic acid bacteria,fermentation at 40 °C
for 2 days,and an enzyme liquid content fraction of 1% ,the inhibition rate of a-amylase reached 94. 2% ,
which was 3. 64 times higher than before fermentation,with a highly significant difference (P < 0.01).

When the enzyme liquid content fraction was 50% , the inhibition rates of a-glucosidase and pancreatic li-

ks B #7:2026 -03 - 13 * ST R A
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pase were the highest,at 6647% and 69. 57% ,respectively ,which were 2. 00 and 1. 16 times higher than

before fermentation ,with highly significant differences (P <0.01). The binding rates of the fermentation

liquid with sodium glycocholate and sodium taurocholate reached 65.24% and 7. 82% , respectively,

which were 2. 20 and 1. 39 times higher than at the beginning of fermentation , and were significantly high-

er than those of control group cholestyramine (60.42% ,63.85% ), with significant differences (P <

0. 05). The study indicated that the lactic acid bacteria fermentation liquid is beneficial for inhibiting the

activities of the aforementioned enzymes related to intestinal carbohydrate and lipid metabolism, and also

has a good adsorption capacity for bile salts. This provides theoretical basis for the development of func-

tional foods to control diet-induced elevations in blood glucose and blood lipids.

Key words : enzyme solution ; process optimization ; a-amylase ; hypoglycemic and lipid-lowering
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Preparation and Antioxidant Activity of Compound Oligosaccharide Solid Beverage

HAO Mengyuan,ZHANG Yuchen,DU Chuanlai, XU Jingjing "
(School of Food Science and Engineering, Anhui Science and Technology University , Chuzhou,239000, Anhui)

Abstract ; A novel compound oligosaccharide solid beverage was developed in the paper,with main com-
ponents including xylo-oligosaccharides , fructo-oligosaccharides , chitosan oligosaccharides, and galacto-oli-
gosaccharides, based on the intake of different dietary components from Chinese Food Guide Pagoda and
the recommended daily intake of dietary fiber for humans. The formula of the compound oligosaccharide
solid beverage was optimized through single-factor and orthogonal experiments, and the physicochemical
properties ,and the antioxidant activity of this beverage were determined. The results showed that the for-
mula of compound oligosaccharide solid beverage was 250 mL of purified water,12 g of fructo-oligosaccha-
rides,6 g of xylo-oligosaccharides,2 g of chitosan oligosaccharides,and 9 g of human milk oligosaccha-
rides. This beverage had a reducing sugar content of (3.31 £0.04) ¢/100g,a total acid content of (0.
256 £0.003) g/100g,a pH value of 4.28 ,and a soluble solid content of 10.00% . This beverage was a
sweet and sour taste. The free radical scavenging rate and ferric reducing antioxidant power of the com-
pound oligosaccharide solid beverage were significantly higher than those of commercially fructo-oligosac-
charides solid beverages by in vitro antioxidant activity analysis. This reseaarch will provide a reference for
the development of functional oligosaccharide products.

Key words ; Chinese Food Guide Pagoda ; compound oligosaccharides ; solid beverage ; antioxidant activity ;

functional oligosaccharides
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BRI 45 22 Rl A BT M, RS S5 2 o T
AR, MU SRR A1 197 ) 3 A v e R o o R
R SRR B — , W L R HE 45 AL ] S R T AR
W25 0 9 4 R B R 5 SR 1 2 REAL, T REE K
FHITF R 2 — SRR [0 5 A ThRE” #7575 3C
S BRI R R I B AR O R T
AR 1 R

GBS 2 — b UG B 2 38 )
Sy R AIORE, AT 2RIt A SR AR R
[ 25 2 TC R P, T LA 6 3 A A 25 B REL) 9 2
Koo SEGEI R RAORR H 5 S0 F R OR B A
SHIS Ak, VA B e, S5 (8 f 4 o, EL R I
{RAEE T RE . AR EATAR S B A OB A 2 —
A IR RE O R 5 & 5817

e = S et P Nil] =g AL I
UK H B 4P M 8 AR (25 =30 ), FF
F 2K 2 A IR B R AR L 3% AR L
RS A" (B SRE F gEE RC Rk AL
Bl EE I REY IR A Y R N 5% 4 H
TR 2T 4 A A £ 2 S A A L0
(RS SRBE AR IR 2% 1 R (T 4 M A R
EER YR A, IS S H LT
UEHEFE R A B 2 S AR A L1, (IR 52k
NS0 H RS AF AR AR S 2
S, SR 5 R 1 1A LR 9 FRAL 56 b T
EALTE M, T REE E R ORH RS %

1 #R5FE

1.1 SRIe#f#

R (g ARRFFURE (2 ah g, 1
APHEAACA BRA AL IR AN (RS0 , LA e
THEIBHEAT IR w5 5e 5 (R R 20, IR A
PR R Al 51, 1- -2 55 ik (DPPH 2,
20 - (3-4 - I WE -6l R ) — 8k £
(ABTS) , b2 e AL RHE B0 A7 IR ] 5 L1
ZANA7S AN NG KL N R N L e ]
PLT AR B A R A F] 501 mol + L7 BSR4
ZZuh i (pH3. 6) .10 mmol - L' 58 Ak = 7% U 4 m:
(TPTZ) i M i A P BHEA BR2S 75 H,0,, Kt
TR RAL AR A R 75 FeCly + 6H,0 K12 |

FeSO, - TH, 0, [E 254 Ak 28 A BR 2 7 o
1.2 RIGUER

FA224 B 7087 KOV, L IR VE AR R 4%
A BRZAF]  SFG-02B fe S X T 148 , A i E =
72k A PR 7] 3 YCD-EL300 vk 46, R 2 25K
B A7 BR S 7] 5 LGI-10 ¥ v T4 AL, Jb 5t A U8
HEPHR TR BR S ) s ZIIRER BRI, ARSETH AR R
HL 2 A PR ] s FB2200PH 1, B A 2% 1 M A [
N WZS-32 TR AL, i i P B 244X
A BRA ] DSX-18L-T i35 He K 14 5, b1 Hi &2 PRy 7
) SHZ-C IR /K R G, IR = A R
YIS
1.3 XWHZE
1.3.1 G AAKTAE B ARARAT 64 4] &

3 2o R O WML TG SR SR AR ACHE S b
MRS FUME 3 A R 18, AT 120 H Ji kA7 +
R4 LAY ) 22 B DAL DUAMEG SR H 1) 2% o B ki A%
BRI ORE , GRIE JsURRE A2 35—k o K 3 0 J A A%
RN MCRANE ST AR LS5 B e B —
SE R EL B IS/ N = 4E R A B BEAT S AmIR AT,
R AR E AR A . FREL29 g 5 A0
A AN AR 250 mL 2l K b PR R, R 5
i3 100 CZEVA K 30 min, B H| R R RS, TEL R
KT o2 MNP T, e BB H IR E A IKER
B AR
1.3.2 #2HZEE

AR S BG4l K (9 i Ry 250 mL, 43 5%
MR IBER R N (10 11,1213 14 ) IR R A4
MG (4.5.6.7.8 g) , seSEME AR (2.2.5 .
33.54 ¢) MREREIMEN TR ING(5.6.7.8.9 g),
PEATRADI R S WL T R ROk R 1
e, AT RE AT o
1.3.3 ERKE

R T AT AL 5 1 2B AR SRR ROk, 78
FPR R IRIE IRl F, SR AR R S AR AR 5T
SEME MG SR 2 LW (4 5 in s o [T R TR HER B PR3 1)
S, R RV B 3 =K Ly (3%) M IE 2856 153,
PUBE PR 0 B8 AR, 6 AR =l r A T f, e
1R, 0 S A IR B I PR okt i dee i 7t
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F1 EXHBEZKER .
%
il A RIS IR B {IGSR A A it C 2SR Tt D EEE LR I
1 11 5 2 7
2 12 6 2.5 8
3 13 7 3 9

1.3.4 BEHFs
R 15 A fiHEAN L X1 4 BN B
I R TR B, A 0 6
(30 43) JXUHR (30 43) F1E(40 4)) , B3t 100 4,
PEOMPRIEINR 2 B 7, %0 2 AR SR [ (AR TRORE Y 2%
USRI T4 LA

*2 EAREEBRGURBHEEITENIRESR
JERHIE PRAMRE Vix %y
BRESEE  REE,BYAGRE, Y —  25-30
(30 73) REA B, B A — 15 -25
B, B, BT 1 1-15
Rk FRAITE H, To ik 20 -30
(30 73) FRFRHHGE Y, Ao e ok 10 -20
PRSI DRIE SR, SR 1-10
B R 1 3, JCHIAE % 30 - 40
(40 43) LRI B 38, A LB 20 -30
PSS AN 9E R 2 10 -20

1.3.5 smALigireal i
W JE A R A E o B 20 mL & AR R bR E 4
YOBE, A 50 mL 7K ARUNNA SRR BN
B A 5 mL, IR S5 7R 30 min, & . 405
% SEUR A VS A P ] R RORD 4% 5 mL FAETE L,
B 10 mL KA1 2 -4 RLEEGER, I 2= 8605 )5,
HE BRIV O, BRSBTS H 15 s
WK M2, AT E 3 I, BOE B T i P
WA PR AR S o BB S, 3 [RRE T 3% 43 1) W Ik
PV A FR A H AN £ 45 5 mL, fin A 10 mL 7K1 2
-4 R IEER IR W IS, LR S A T
E, B AT ML S AT 3 W,
RS B B OB & & T AR 4 GB 5009. 7 -
2016 B i &4 E AR ME B 5 A3l IO I 2 ) 19
Tk FE RS0 (1) TR
X = Fx 17250 x 1000 <1 (1)
A X R IE R B (27100 g) 5m, Rk

00

PRI A BRI (Y S ) A 2 T2 A S
B (mg) sm IXFE R T (o) 5 F OB HOR R 8L,
EVE IR AL 0.8, Al £ D 15V i g I BT

IHFEARER B A AR (mL) 5250 D E B (mL)
100 S35 22 5

BRI AE o WL 20 mL &2 5 (R SR W [ A 10k,
TN 2 SRR R, 0. 1 mol - LTSS AL AN
WHEA T 2,30 s NASERA, BRI
AT E =k BOE 4 {E . Hii s GB 12456 - 2021
CE AR ERPRE 155 SR AT ) 0 5 125, ¥
IRAK(2) 1R
[cx(Vl—;/;)]xkxF (2)
X g SRR B o 5 ¢ S SR AL B Y R BE (ol -
L7Y) 5V, i e i IEAE S A AL N AR B (mL) 5V, Sy
25 R I TH AR AL B R (mL) 5 & PR 1Y 6
HREGF i p B AE H m iRy B

pH {H A E . pH (BRI E 2% GB 5009. 237
~ 2016 & i E R bRE &5 pH EIE) o

A PEFEDTE I E o Al R ) & 5 e
2% GB/T 12143 - 2008 bk FH 73 /i) o

DPPH [ B35 BRI E . W 0.1 mL &2
HARRAEEA TR 3.9 mL B EEECH| 1) DPPH £
BE IR A, 2 IR G R E 60 min, JU%E 517 nm 4k

X = x 1000

IR RE , 25 O IR 2 52 17K, DPPH. { i 3435
BRI AR (3)
AL‘ - S
Y == x 100 (3)

P Y SRR AR 9 DPPH FHES [ i B0 BR R (% ) 5
A, R7E AR IE s A, SR RO o

ABTS FHES - FI il L35 BR R A I E . Wi 20
ul AR [ (A Ok 5 180 uL i) ABTS R4, Il
E 734 nm AEWOEAE, KBS T ORAE oA B B4
ABTS BHE T B d 335 R R A (4) T

A c s
y="o (4)

UL Y RS ABTS FHEST B LTS IR (% )
A, 7 VLIS A, R S AL

x 100
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FR B ARG BRI E o A A SRR AR Ok
A W ERERR AN 3 Fn . I8 mL R TORH
FEW FRE S A W RE 10 A5 RO FE i, BRic AR b 1
2.3, 5 mA 1 mL 9 mmol - L' FeSO,.1 mL 9
mmol + L' /KM% .1 mL 8.8 mmol - L™' H,0, ,J&%]
ZJGET 37 COREBHINAA 30 min, 7E K 510 nm
A EWOGEE A s AT T mL ZE K0 8. 8 mmol -
L™ H,0, M52 W A, 25 B F /K AE Ry as st iR
A, MR A, Br A RS B INA 3 . &
A (5) 5 B AT R AE

etk =T )

0
A A, S 1 mLFeSO, +1 mL 7K +1 mLH,0, +
8 mL ZEMK I G A, 2 1 mLFeSO, + 1 mL /K#%
B2 +1 mLH,0, +8 mL [ A PCRHE R AT R OLRE 5 4,
1 mLFeSO, +1 mL /K478 + 1 mL Z€1E /K +8 mL
A DORHE B R OE T
*3 EEREHEGTRBEEHEERAE
2 i/ mL

x100% (5)

B A A A

9 mmol - L.™'FeSO, - 7H,0 1 1 1
9 mmol - L™"/KipMR - ZBEE K 1 1 1
FEih 0 8 8

FRIRK 8 0 1

8.8 mmol - L”"H,0, 1 1 0

BRES T8 B e 1A o e I IR 4 2% 1h R (300
mmol - L™' pH =3.6) ,TPTZ % (10 mmol + L")
i FeCly %9 (20 mmol « L™") #5 18 10: 121 A&

BORTR] e BE 1 FeSO, FRUERE K (0. 15 - 1.5 mmol -
L") 5900 pLFRAP TEWIRA], # 8 0 10 min,
F 593 nm LI LG, 221 FeSO, 7y bR i
2o BU50 pL Aol 5 8 K (25 (X R 4 1k
ZAF5 FRAP AR RSN S 05 W % B2 1, AR 4 b
e ZE T FeSO, #E (mmol + L™1) | RIS 5% BF
Al FRAP (B, H KN o] e B AR 5l 1 2k 5 1 34 )5 R
Ho
1.4 HiEE

Ji 9250 3 T A 3 K, X5 R A Origin
2024 B A0 SPSS 27 B A A TR B e 143 pr, 55
I ZE SRR P BIME + MR EZE SRR

2 ER55H
2.1 BEZRIWRERHSH

2.1.1 ARG RAE R 2 o AR TRAE B AR AR R
BIFS W0

RERAME AT DA st Ok XUBR | U - 3 XK
BB A B0 s 1 R, R
FWER TN R 10 g B, IG5 0 & e  AIC, ok}
FITRAS L , S B0 I KU IR , TR} 171 3% S R TR o
RERRBEA N AE 12 g DL Bk, &2 4 Ak 22 7 1
5, SR R R R L i BRI VE RS | i R T L
PR NIRRT 7 N I (A 2 R 9N
10 g % 14 g R fe e BB P B 2B
T JE BEAR P AR A e IR IR I o 12 ¢
BF OB IR PR fac e, S 6 (ISR [ (AR Ok By
FEIE Y, 5RRRTE AR E AN, PR 25 6 BB TR
e HUEAT UL, 11 g 12 g F1 13 g AOAR SR BEAS I
A AP R R IEAS IR B K A B THE R 2 s B rh
XTI AT AL, IR 50 5 HA B AR LG R

90 -

8| N

80 -

REWL/ 4

5t

70

65
9

10 11 1 B 15
HRRRES R /g

E1 RRRERMEX R E TS IR0
EMMELNEFEARRTEREZ(P<0.05), TR,

2.1.2 ARRANE T 2t B A AR TNE B AR R B
e PR LA

PRRANEELA L R i3 e e e M,
T AT AR OB B FAR S RE IR . i 2 R,
RRANEGR LA 4 g B RERAHE & =B, Wk
KT USRS B, A BB Ry 1R A1 2 405 1) IXUBR 5
JiE SRR, T BRI R B XU S R
S TRRAMERINEETE 6 ¢ DL B ARRAME A 2
TR AN BT, b LS I 2 F TR il S HAth XU
BT Z R4, S BURE PP B BRI IR
BRGNS N 4 ¢ HEIN 2 8 ¢ MRt FErh  JE PN B
RIET S SRR S IRRARBER IR 6 g
B, ORI BB P43 fe ey, 524 I SROME B A OB R T
W SR, HBERT L5 2.6 g AT g AR
BRI &2 m 43 S R 1F 28056 PR R K, A Bl F
& AL A BRI i B L n 62
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S

90 |- a
85
& gt
& b b
AT
o
® 10 & c
65 -
60 |-
3 7 5 3 7 8 9
HEANERE /s

B2 EREARERIMEXRBBETSHIE

2.1.3  ZTHEERMe KR B RIRA AT
R

FEEME T R I e S A B R
W, BAT RLEF I AR S S AR i R A
FEDRERY EARYORHY T & R R B T R R R . a0
3 B, 5o BRI N o0 2 g B, 5 SR A 5
%, IR, SRR AN S, FR IR . 5%
SO INELTE 2.5 g DL B, S 500 & /T, AN
SN POR IR (07 B R T I, T FL7E SR o
HIH AR, SRR R T BB S
MR SETEMERIIE N 2 g BN E 4 ¢ it fE,
BB TEM B RIS T 5 IS BEAR A e 3, 7 SERE IR
IRy 2.5 g B, ORI E A fiem , A IR b
AR T ERERENE b, TESe R, S e, Bt
AIUL,2 2.5 g Fl 3 g MYSE SRS o AT 23 54 R
IEASR I R R AKCE 2B Ty

90 -

s 1
$ 80 - /
gf- 75t
?,éj“ ¢
T 10 - %\c+d
d
65| \{
60 ' . . . " .
L5 20 25 30 35 40 45
FREBERME/s
B3 EEERINEXNREEEIES N

2.1.4 AREFIUHE I bk AE AL AR AE B RS
BERS Y

BT 3 - 10 A FUREFI 4515 2 B-
e FUBIFHF R LT WL 05 SR, FLAT SR 0 45 28
BEVE 2 T AU, 1T DA 3170 38 fE e B2
SRETT. 4 FTR RELE TR S 5 o W,
(R LFUME & L0 B BT, vkt TR i, 1l

WP IREE . IRRE LSS I AE 8 ¢ DL L, i
RAFUM SRR L, MR, BOE PR  FER
ERFFURHR IR S ¢ HME 9 ¢ i rp JE
PR AT R BUCT R e R AR A (IR FLE I
I 8 g I YORK S E P B, BRI IE P, K
BCEROE ], b TR tE . IR L7 ¢ 8 g 19 g
AR~ LB I T 20 A D TE S i IR 3K
2R TT

95 r

90

85

80

REFL/ 4

Br

0r

651

e R T T
HRF IR AR /g
B4 (REEL IR BT R B B TS ORI

2.2 EXRWERSH

WFFE R Ly (3%) BYIE SR BT, AR AR
B ARRANE ST RIS il 4
2, BAEREE 3 K, URE P E TN R
HEHATIO . 4R 4 s . ARIEIN 22 70 Al 2R
AT, % R 2R A I SR [ AR ORH B BT A 52
M P FE AU AR AR S It > (ISR B LB S
> IRRAPER & > seSERE s mat . Horp (IR
SROME A I 00 52 G (I SR A OB ) 8% B ot B
Mol d5 i 3, VBB VR I B 3 BOR B B L 5 02
A,B,C, D,
2.3 WIiIERI

FEUA B gl SRy, PR R S g iy i AR A G a2
A,B,C,D,, IEZCI I W B L4 5 02 A,B,C, Dy, i —
Al bR PR R SR i Mg TR L G AR
S IRIERAFH A5 ALB,C D, BEVEPEM 293 +
0.2, KF A,B,C,D,, LA E A,B,C, D, AE A
S E AR TORHY A B % B R R IR AR
R EATORE O SR 0, W e E WA OGEE, Tk
Y5y, DR EE o AR B . R,
A I SR [ AR R} ) B A T2 Ty g« Sl K
250 mL, IR M 12 ¢ IRRANE6 g, 7 5EME2 ¢, %
RAFLHE9 g
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A AR E A5 B Atk A A & A AL E R A

®4 EXHERITRER

WS AMREBERINE/g BARRAKRS NG/ g SRS/ e DARREIMRING /s BEITA/ 5
1 1 1 1 1 86
2 1 2 2 2 88
3 1 3 3 3 87
4 2 1 2 3 91
5 2 2 3 1 88
6 2 3 1 2 89
7 3 | 3 2 85
8 3 2 1 3 87
9 3 3 2 1 78
K, 261 262 262 252
K, 268 263 257 262
K, 250 254 260 265
k, 87 87 87 84
k 89 88 85 87
k, 83 85 86 88
R 6 3 2 4
R 2% 52 i) 45 4% A>D>B>C
WAET % A,B,C, D,
5 BEFEERMEIELKER B AT E TR Y& = 2 10.00% .
g A SRR AR ORI AR 52 25 2E T (IR R S b
A,B,C,D, 91 +0.3 B DR BRI PERINZS SR NSk 6 iR . E &
A,B,C,D, 93102 IR AR DPPH F i S5 B % (ABTS FHES

2.4 BUHERSH

A GB5009. 7 2016 Hr & i 4 42 [ FbrifE h
I DO BRI 5 T, A5 A2 AV SR [ (A R} i) ik
JEURE £ B (3.31 0. 04) g/100 g,

A GB12456 — 2021 £ i 4 4= [E ZARE £ i
rhERR I 7, TN A5 5 A1 SROM [T AR AR B
fis &5 2 (0. 256 0. 003) g/100 g,

A GB5009. 237 - 2016 £ i 4 4= [F FbrifE h
pH B0 7 3%, DA 52 AR SROBE AR Ok pH
H4.28.

il GB/T12143 — 2008 1Rk} H 434 J5 2 Hh
AL 00 2 Ty v, AR 2 GRS B AR

+ A SIS R IE A i S R 2 (36.3
+0.38)% .(41.3 +0.53) % F1(62.1 £0.79) % , 4y
S R T8 5 55 A2 oG 2R A0 [ AR DR
(15.3 £ 0.20)% . (20.2 + 0.35)% . (35.2 =
0.43)% ., BREFiRRRE I RTINS R =, B &
(FE BB [ K 7k 9 FRAP {55 (0. 69 = 0. 08 ) mmol
c L7 TR SR 2R R U AR B R R AR R
FRAP {f, % LRk, & A SB[ {1k} DPPH
H i &5 FREE ST JABTS FHE F A L FREE ) 55
H 1L BRAE ) ek B iR R R ¥ TR S S
A TCAR TSR E R TOR], 26 W &2 A 1% B0 [ 1 okt
HAT RAF IR B AL T K

6 BEHREAURPMEAFEENEER
. , DPPH A 3 ABTS [HE T B 3 EZY=NEEE S FRAP {§
ﬁﬂlﬁ%&c NE S [/a'<1 =Y NE S (/021 =Y NE =3 &b -1
HFREE 1/ % HFREE TSI/ % HERAE TSI/ % /mmol - L
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fEfRF AT 15.3 £0.20 20.2 £0.35 35.2£0.43 0.51£0.10
IR ER S ARk
AR B AR YoR 36.3 +0.38 41.3+0.53 62.1+0.79 0.69 +0.08
. 222(P1) :117661.
3 #Hig

1 5 B DR 2 5 R SR IR A R A I SR [ ARk
BHEARHEC )y 2 2l K 250 mL AR IRAE 12 ¢, KR
AWE6 g, 7c5EWE 2 o MNREFLIEO g FMLIEIRSS
R IR IR YR I8 JE R 5 i (3,31 £0.04) g/100
g, MR AR (0. 256 £0.003) g/100 g, pH {4 4. 28 , 7]
PR [ B2 % 2 10.00% 5 HT 8 AL TG Pk I 45 2R
7N, ZOE DPPH |y BE T B %2 (36.3 £ 0.38) %,
ABTS [HE+ 3 A BR R (41.3 £0.53) %, 52 5
HHIETERR A (62.1 £0.79) % , BB T8 g /)
(0.69 +0.08)mmol - L™' (P <0.05) .
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(22) :235-240.
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45 11),2025,19(28) :138-140.
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Effects of Glass Fiber Powder Mesh Size on the Properties of Silica Aerogel

GAO Yan" ,WANG Yueyue, QIAN Ziwei,ZHANG Lina,ZHANG Jiajia
(School of Materials and Chemical Engineering,Bengbu University , Bengbu,233030, Anhui )

Abstract ; Silica aerogel composites with glass fiber powder of varying mesh sizes and contents were suc-
cessfully prepared via the sol-gel method by using tetraethyl orthosilicate as the silicon source. The results
indicated that the glass fiber powder was incorporated with the silica aerogel , forming new composites with
good hydrophobicity. As the content of glass fiber powder increased , both the particle size and BET specif-
ic surface area of the composite showed a decreasing trend , irrespective of the selected mesh size of the
glass fiber powder. Compared to composites with the same content of 3000-mesh and 8000-mesh glass fi-
ber powder,the smaller 800-mesh glass fiber powder more readily formed composites with silica aerogel ,
exhibiting a larger specific surface area and improved thermal stability. The efficient synthesis of compos-
ites offers practical insights for thermal insulation,noise reduction,and fire-resistant coatings.

Key words: Silica aerogel composites ;sol-gel method ;tetraethyl orthosilicate ; glass fiber powder
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Research on Metal-Organic Framework Materials as Corrosion Inhibitors
in the Protection of Copper in Marine Environment

CAO Jiaojiao* ,KE Shunan,GE Yutong
(School of Materials and Chemical Engineering,Bengbu University , Bengbu,233030, Anhui )

Abstract ; It systematically investigated the inhibition mechanism of a newly synthesized zeolite imidazo-
late framework (ZIF) material on copper in a neutral medium. The synthesized material was confirmed to
possess a highly ordered crystalline structure through characterization by scanning electron microscopy , X-
ray single-crystal diffraction,and infrared spectroscopy. Electrochemical test results indicated that the in-
hibition efficiency of this material on copper could exceed 90% at an optimal concentration. Mechanistic
analysis revealed that the corrosion inhibition was primarily attributed to an adsorbed protective layer
formed by the organic ligands on the copper surface , which effectively blocks corrosive media. It confirmed
the feasibility of ZIFs as highly efficient corrosion inhibitors for copper and provided a new research direc-
tion for the functional design of metal-organic framework materials for corrosion protection.

Key words : zeolite imidazolate frameworks ; copper ; electrochemistry ; corrosion inhibitor ; function-oriented
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Influence Analysis and Modification of Surface Error of Spiral Bevel Gear
for Carburizing and Quenching

GU Jingfei* ,CHEN Xingqiang
(School of Mechanical and Vehicle Engineering, Bengbu University , Bengbu,233030, Anhui )

Abstract; To compensate for heat treatment deformation induced by carburizing and quenching and im-
prove the tooth surface accuracy of spiral bevel gears,an investigation was conducted through a combined
approach of finite element simulation and experimental verification. First, the carburizing and quenching
process of a spiral bevel gear was simulated using ABAQUS software ,and the qualitative deformation pat-
tern of the tooth surface was revealed. Subsequently , taking a pair of spiral bevel gears with a module of
2.5 mm and a tooth number ratio of 33: 8 as an example, the machining parameters of the machine tool
were reversely pre-adjusted based on the deformation trend predicted by the simulation,so that the tooth
surface geometry could be deformed to the theoretical design position after heat treatment. Finally ,the ef-
fectiveness and engineering practicality of this pre-deformation compensation method were verified through
coordinate measuring machine inspection and tooth contact pattern tests.

Key words ; carburizing and quenching;spiral bevel gear;tooth surface error;pre-deformation compensa-
tion
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Multi-objective Optimization of Headstock of Gantry Machining
Center Based on Kriging Model

CHEN Yu" ,WU Zipeng,PENG Zhaochun,ZHAOQ Linhao,LI Aodi
(School of Mechanical Engineering,Chaohu University , Chaohu,238024 , Anhui )

Abstract; In order to enhance the comprehensive performance of the spindle box of the portal machining
center and further achieve lightweighting and dynamic performance,a certain high-speed portal machining
center spindle box was selected as the research object. Using ANSYS, the static analysis of the spindle box
components yielded the basic structural performance ,the maximum deformation and maximum equivalent
stress values. The relevant dimension parameters of the portal machining center, such as the horizontal
spacing of the reinforcing ribs, the vertical spacing of the reinforcing ribs, the thickness of the front and
rear walls of the spindle box,the thickness of the left and right walls of the spindle box,and the thickness
of the horizontal reinforcing ribs and the vertical reinforcing ribs, were used as the optimization design var-
iables. The geometric structural quality , geometric structure , maximum equivalent stress,and maximum to-
tal deformation of the portal machining center spindle box were used as the optimization objectives. The
response surface optimization analysis showed that compared with the original design,the maximum de-
formation of the portal machining center’ s spindle box increased by 6.33% , the maximum stress de-
creased by 12. 47% ,and the weight was reduced by 7. 25% . This minor weight reduction released struc-
tural potential, providing theoretical guidance for the performance optimization of the portal machining
center’ s spindle box.

Key words : main spindle box;static characteristics analysis ; Kriging model ; multi-objective optimization

%5 H #7:2026 - 04 - 08 * IR A
BEE£E : AP =R B #2700 B (XLZ202302 ) 5 S 24 B ) 7= 2005 /E 0 H (hxki20240335)
EEBR N BT (1993—) , B Z8uE M A T E-EF5E 4 . E-mail : m18726881205@ 136. com



%F% AT Kriging A G AL Pz % aRMIA 41

el T TAUR B ZILRZ L2 —, B
i A LIRSl A 3 ) B A SRR AL R AR
GUORFFRRE I PR3l , PRUE F e RS 2 LA G
A 22 , AR LR I TR BE RS E PR A A
R o X TN FE A A 2 20 A e
T 22 HARILAE , 3 THLA I RG-S A2, IR
I 5 PR B A G B R a2 22 B 3 A
oo BT ZA A AR SEBE T US4 Y A
it

Il AT 22 B R AE 110 T AP SG B,
BRI, FEAT " %R Kriging 5081155 {57
LA ATk, B T e DT 5 kA b i A
TETERGINE , WEARTE T BT RICR, Lfe 4t
R 2 SO0 A DA iR R DL e
SESET TN H s X0 45 2 AR A Al 25 A 20 A
TS AT T RS B AR AR TR
WA IR A T REE , G5 AR R E P BT W2 T
SR KT X 0 L R A T
SRR A AR AL, DA S B T 0
FEINEAR S B AR B R AR 1980 1 15%
TR E R T 7. 8% , FAAE AL TG AR S
FRPE X IR gk 1L a1 AR 4 i sh 25
PEREA T ORIRAAR L W TR sk
il Kriging fCH RN KL B L1E, L)
R RHILAE 4 J5 A0 R0 J7 18T 23 0] $2 T+ 1 12, 7% Fil
7. 1% , X UL RE R D XBLPERESE T, il i 1
SISV BRI g S T s A A
A, X AT A R P o M A S ST, 1 H
PROEAE, DEAL S ) A AT 0 T R 1T 2%, P
JE WK RN IR T 15% RASCRI B . PR
T2 Al ] 0 4 7 A A (s A R % i
TSR, S T — PP T FROCIE - U
B - AL = A a2 Ak, us
JEITR B A T 7.34% , e RIS T
0. 0434 mm, iz KRN SN T 4. 16 MPa, 1 B
ARG T 1,22 Hez, w] 5 IRV B B0
Ko 2R AR MG AL o A A 1 A
55 BT IEIE MR AR DL, 2T MOGA 145
%, AR R KL S5 1 B A o it
FUbR, HEA TSR . 45 R3], B AT s/
T 34.61% ,JFiEis/N T 7.64% 55 1 [y [EA SR
T 6.54% IGUE T el VARG AR .
FEXFOTEIRUE T PR AR 2 MR shketh , 42 Hh 1kl
AL T 55 00 SO P 50 ) R 801 A 75 3% | 3 T
AR RIS L I AR 2 0] 73 X051, DL &%

LTSRS (AR IR 2 I8 I 1) EIRAESTE
YUy, IETE e T TN s BIRAIE 13k 28y i
AT, SR S B 1 LA T AR AGE 25 0 9 553 B 14 2l
FHE BN A RS i A BRI LA E S Y S
e QBUNINZSE SERRTI

ABFFEIET ANSYS 7 FRAERS Je 171 m T
AR EA TS AT RS S AT, RO TORZS T
LS R T SRS B S P REARAIE s R T AE S Btk 2t
W75 BT Kriging FERIFHER N AT, DL AT S BEJS |
A BEJEL TN S35 VR RE AR A IE] R O S
i MOGA 53347 2 R AR 5 foc e ok 552 491 96k
ACRCR , IR T A PR RE I SC Bl A

1 BSaHh

1.1 FHEREE

FI UG X 3 A 2547 = 4B, O fRIIE
DA R BORERRE, X —Se i 1 ik, 6% 1
— LT R S R 2 AT R R/ N R AL, el A
B MRETFLAE . TR 1 DB B8 A Rl B i — K s g
I, 7 i AL S o PM1220HA

1 FHF=HER

1.2 #HKBEEMNEREXS
BRI HT200 J F40A , bR S BUINER 1 PR
R1 HRSY

28 WE/kg - mT PRIERTRE/GPa AL
Hi 7.2 110 0.28

W Sl 50K J5E L 52 TR SR A 45 2R 9 LS4
FER M 2R - JR A i A 0 A SR, sl e
12 mm FHAE RO B AR, S8 BL T 500 %5 J3E B J3E 422 1
FESL BRI 73 Dy 243 414 A5 45 140 329 A
I, PRSI S5 RN 2 PR

2 FHEMEL S



4 it 2Pk 2026 £9 A

£1I5A F58(E£894H)

1.3 TREE

Jer Tl s Ay B b, S RhAR R 52 0 B
AROUE I ZHEIERFIE . X0 A HI EH] | B 55
BRI T A, Horh B E) o0 2y i BRI, AT
FELABEHI 00 A O I 32 1 3 #

BEH 3 oA A 5 e DIV DR, B 25 ) Y
AW/

F=C,xapxa, xXfI' xZxK, (1)

A FONBEEI 15 Cp D9 5 1 B AR R SE /) &
Ksap ABEHIPELIRIE sa, NBEHIELS SE1E 5 f. NH
WS & Z AP IREG K, it 1B IE R KL

F, =k, +F,k e[0.3,0.4] (2)
F, =k, +F,k e[0.5,0.55] (3)
F.=\F -F -F (4)

K F, R YT 15 F, A YIE] 5 FL ok 16
ELYIEN T 5k, K, 53 00 GN a1 VI 7 L 5 3R 58
Je T Thn T gEEIn T 280 - geEl ] B2
B 4 AR, BRI 7T 2L RSE 24 50 mm, 61 7]
LK 8 W, W BE ) T @t 45 89, T1F)E
PEREL 120, BEHITREE 18 mm , FEH| FERE 12 mm , 14
L 0.25 mm/z, $§ 5L x .y m 435 R 0.9.0.7,
0.15, ¥ 2B AN (1) ZAK(4) W1
F =554N

F, =2217.6N

F,=3049.2N

F. =4064. 6N
1.4 ZRHH
FRF SRR S BITT SZ I KN, P
TIXT 07 A 7 B [ 5 20 of, SR figp B 4 A B AR T R A5
BN ST, PR Ry i, 5 6 A B AMOE T AR TR 19 ]
SVSTE RAERN AR, A an &l 3 18] 4 IR

Ay b AT S A e R AR T ol 0..000 375 42
mm AR TE BN, i FAS R TR i K%
BN F1oM 0. 659 63 MPa, Xt He 4R Jeet BRAR BIR 1 77,
AR, AR TR T AR 0 SR
B A4y

B 1
2025/5/13 22: 42

B 0. 000375428 X
0. 00033371

0. 00029199

0. 00025028

0. 00020857

0. 00016685

0. 00012514

8.3427e-5

4.1713e-5
LRIV

73

&ﬂg#]
A

i : 43 (Von-Mises) By
¥4 MPa

B 1
2025/5/13 22: 42

0. 659638 K
| 0.58634
0. 51304
0.43975
0. 36646
0.29317
0.21988
0. 14658
0. 073292
1. 8962e-15% /)

B4 FEHEATLE

2 i Thn T A 5 FE N A E AL

Ma Rz E LT R E

ASBIF 5 196 HORE M 56 473 18] B P35 o i £ i)
P7 ERIATHT)G BEJSE P4 | B A 7040 BEJRE P8 AN
SIS PSS )R Pe SN SRR ik
TSR 5 K 2 AR L 25 A R P A A R R
P2 I REFHOVTT PO i R EAETE PO B8 2 Wi
o, RS BUR R o i PR R BT 2 B
(B, SEBL AR RS R Sh PR RE STt i DR 10
e, SE R R AL B H s

Tl 10 T e ARl R A S RO 5 5 1) B
P3 A A PT EANA RS B P4 | AR AR
FEATBEIR P8 RN S AR JREJEE PS a8 iy )R P6

2.1

e 2 .
x2 SHEgIt
WASE/mm  TRR{E WG 1A L BRE
P3 270 300 330
P4 27 30 33
P5 18 20 22
P6 18 20 22
P71 72 80 88
P8 27 30 33

2.2 LWHERRSH

AR SERS K F Box-Behnken 211, TG ik 55 58
6o LABE ISR Rl BE (P3) VB i i (P7) , &
WIS REIE (PA) | FHIAR 20 A7 BEJRE (PS) |, B i
FIEERE (PS ) s i ) FE (P6) My A8 65 LA FE
AR USSR BT (PL)  ERFE IR (P2) (K%
RS (PO) I RBZTE (P10) Jyf th A8 5, Jd it
Ak i 15 2 25 A SIS B AaE, ngk 3 B
TNo B/ NS B IH] 5 M ) ) O 18 43 B A8 AL an ] 5
2K T iR
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*3 Iwigit

A P3/mm P4/mm P5/mm P6/mm P7/mm P8/mm P1/kg P9/MPa P10/mm
1 300 30 20 20 80 30 935.3 0.30 0. 00030
2 270 27 20 18 80 30 895.5 0.32 0.00030
3 330 27 20 8 80 30 895.5 0.32 0.00030
4 270 33 20 18 80 30 964.6 0.30 0.00029
5 330 33 20 18 80 30 964.6 0.29 0.00029
6 270 27 20 22 80 30 905.9 0.31 0. 00030
7 330 27 20 22 80 30 905.9 0.32 0.00030
8 270 33 20 22 80 30 975.0 0.30 0.00029
9 330 33 20 22 80 30 975.0 0.27 0.00029
10 300 27 18 20 72 30 899.5 0.33 0. 00030
11 300 33 18 20 72 30 968. 6 0.29 0.00029
12 300 27 22 20 72 30 901.9 0.31 0.00030
13 300 33 22 20 72 30 971.0 0.30 0.00029
14 300 27 18 20 88 30 899.5 0.32 0.00030
15 300 33 18 20 88 30 968. 6 0.30 0.00029
16 300 27 22 20 88 30 901.9 0.32 0. 00030
17 300 33 22 20 88 30 971.0 0.30 0.00029
18 300 30 18 18 80 27 894.3 0.31 0.00031
19 300 30 22 18 80 27 896.7 0.31 0.00031

20 300 30 18 22 80 27 904.7 0.25 0.00031
21 300 30 22 22 80 27 907.0 0.31 0.00031
22 300 30 18 18 80 33 963. 4 0.31 0.00028
23 300 30 22 18 80 33 965.9 0.31 0.00028
24 300 30 18 22 80 33 973.8 0.30 0.00028
25 300 30 22 22 80 33 976.2 0.30 0.00028

Pl/kg
Pl/kg

P6/mm 26 P8/mm

5 PA.P6 XtFE P1 WO Rz & 6 P4.P8 XffE P1 MRz E 7 P6.P8 Xf[RRE P1 MRz
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S 2= 7 a7, PL P4 BEEPE G R, P4
AN, FEhAE B PL O, PO FEXT /NN, PL X
P4 F1 P8 BEek o 22, P4 1 P8 /N, P1 #i/N, &
WA BT PLX R 2 BEJR P8 R R, P8
/N, PN, PO FHXS /NN

XF e 3 e AT o3 M AT A EAhAR T LT 2 4 o
Pl Fii ASECZ B 1) R ALY IEAR G, KA S
BT S R EFRNE T3 PO Al R VS TE P10 1Y 52 e
8 R 13 fras,

32
P4/mn 3426 P3/mm

9 PA.PBXERAZERELS P9 Wi R [

E10 P6.P8 XPEmAERRL S P9 N KL E

[HFL 8 26 10 751, Bi% P4 W/, PO S, PS
WU AR 4 PO SRR, B PA N, P9 eI
ANBHER, P6 WU, P 2 SE ARG P
B2 PG /N S PO SEABAE K, PS B/ A8 24 PO
ST

P8/mm 34 26 P4/mm
11 P4 P8 XfgKBEH P10 Nu R [E

P4/mm 34 P6/mm

13 P6.P8 i ABER P10 ML E

HIPE 11 2 13 w1, BE3E TR0 A i S BEJS P4
Wl ) , SRR Ao A BEJRE P8 i)y, Rl AR o R B AR TE
AER o FEFA TR RIS BEJRE PA /0N, TR Bk
SVETEAR R, B sk i IR Pe SR B £
FAS 7 A7 BERE P8 I/IN, AR e K AT,
TnaE R P6 2K

3 mEEAKESBIRLULER

AT TN rp G SRR A L &5 48 i P1 dge/y
P OAS YRS B T A it H b, LUK I S S 8] B
P3  ERNAA RS REJE P4 RN SR A R PS | B0 ot
WJRERE P6 | BTN si Ay [R] B P7 | AR Ao A7 BEJR P8
BT R, A A HAS O A R BOE AR, ar
EMAA R AT
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minM (P)

5,..=<[6] =0.000301

T g <[ 0] =0. 306666 (5)
pP=[P,,P,,P;,P;,P, P ]

P, <P <P, ,i=3,4,8

A M g R B P OSSO R S, N
MFER KSR (6] HIF MK & (mm) ;

O e S LA R EERAN ST 5 [ o ] AR 455K
I3 (MPa) 5 Py, Py 20900 8 25 B A Y R BR |
BRI

Sha S B T EOR, e B H b g AL 5 ik
(MOGA) BEATILALSRAE , XL REA R BEZ 207K |
Z HARLAR IR, WS by AR o SR ARG 21
3 At s, I S BN 4 PR

x4 FESSHEFE
ZF  P3/mm P4/mm P5/mm P6/mm P7/mm P8/mm P1/kg P9/MPa  P10/mm
1 329.54 27.452 18.62 21.985 87.841 27.017 876.3 0. 2646 0.00031
2 328.37 27.304 18.57 21.984 87.941 27.032 874.8 0. 2660 0.00031
3 329.59 27.077 18.61 21.972 87.857 27.017 872.0 0.2684 0.00032
T X 3 2 A A A L, SR O 1T A BAEXTLE, a0k 5 FiR .
T A O e R R T i A, X e TR T S 2=
x5 MEBEREITEERBHEILL
FAE JE T M T A A 7 LRI (% )

i KR 5/ mm 0.00037542 0. 00032008 -14.74

i KV A1 {8/ MPa 0. 6596 0.2684 -59.31

it/ kg 935.3 872.0 -6.77

HIZE S AR, LAk 5 AR LL R Y P REAS LA
$T+, AR R A 2 0. 000 320 08 mm, 5 )i
BOR BN T 14.749% .0 1L 10 8K B 16
0.2648 MPa, 5 J5 A TUAH L/ 1 59.31% o fifk
JEH i 872 kg, 5 JEURE Y AR BE B R 8D T
6.77% o LA KA LA T A i e R AL 4%
IAE SRV TN Sk S5 G B 5 S A
it Bbs, e T B R, 1 T RR
.

4 i

it UG gy EAE 09 = 4Er IR BB, ik A
5 UG KRIEKAY Ansys WorkBench Ht F= 4l A4 b1k 2871
FBEE S H, 0 FRAGVE RS R 23, Bl S e fn o g
BLATHT , 56 I A AR R SRR R 20 AR TS 25

IR S S BT A P, 70 A He vh 5 I B AR T8
LY B T de R T MR R AU Sy AR
S5 TEFRAS R 23 A 1) Al 5 o 7 T AG ARARE B
Ve 6 HSHON FHAR1Em N i, SEgieith
Box-Behnken i1, i W 2S5 K Kriging 288 | bt )5
WASEEAT A . T AAR R BT A 935. 3 kg 8

N1 872 kg, FEES T 6.77% 4271 T # SRk,
N T AR R R, S T R AT

S

[ 1 T, SHIEME , VR 53 , 46 S T Kriging BRI 5t (5504
WA A AN EAE AL BT LT ] ALK K R RS
AR CHABHERR) ,2026,47(3) :123-132.

2 TREDL Je T DT O A5 M BT S i s S A [ D]
P42 pRPT R R, 2016.

[ 3 JskBL. s e 1 T rbeC v 3 4l 32 Al e s A5 e
Gt RARAEHEFE [ D 1. R0 - JR MR, 2018.

[ 4 J5k7 5. ZETHURIZ AT 5 Kriging (QHR 9 2.0 K
LA D ] RS KB Talk K5, 2024,

(5 JHRIS. B ANSYS B 100 T rpO S S AR B S R 1 )
W BARAEHEIEL D . BB - PY AR, 2019.

[ 6 JWREEIHE, B FH, RARME, 5. SR G BT ARG R
BT[] HUBBE 53,2024 (4) :194-199.

07 12 5 Ao, U T e TR M 2 5 5 404
Bt [ T]. B & TR ,2024(11) :108-114,123.

[ 8 Jsz . VIS T LR AT 25 81 IR 8l fe t 20 Mr 07 ik
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ETHREELRKRBEA Smith-Waterman B iR
PRELHE B EEE RAE LR A4

(L AN LzBE M-S BB R b . fJH 3500142 M LRy#Be AN LEBEERBE, fRd &M 3507005
3CRIEEN) AMEATIE A RA R AiE BT 361000)

7 ZE AT % Smith-Waterman -3 sbad ok A ot A Fo 2 0] IR BRSO A, 2k —FE#tE L&, —F
I R T2 ROR e B AR, Vs A MLX B0 T F R R ARAT 4B A B Gk b & 5 — o @, ikt
NEGHEEM KGN ERE, BRTEELE, A& EH F KA (Saphylococcus aurers) 4H) £ 318 ( Staphylo-
coccus argenteus) 55| A WX K IEE X ERR I KE RBRWTIKRTEE EASHETH Skt £ R EETH
FIAIE R F 69 BiE B kLB ok, R A 5 R IE R ok 5 & AL A3 ko 23R 2019 #F 2 & 9K 9% A (2019-
nCoV) | P o3 R 45 A4 K % 7 ( MERS-CoV') (SARS & Ik 9% # ( SARS-CoV') % % %8 SARS # 7 4K 9% # ( bat-SL-CoV
ZCAS) 8 & R B 45 90 4F A X BB S, 2 A7 98 B MAT B3Rt st I 2 RR A R ARAE R IR AL A o Ao /7
FIFAME SR E RO WR T, RS F kB F KT textud |, #H4 T a0k,

98] : Smith-Waterman F- 3% ; 55 b st k45 WK B I 0 4B M it ook

thE 4 %2 . TP301. 6 SHERFRISAS A CEHE 2095 — 297X (2026)05 — 0046 — 11

Optimization of the Smith-Waterman Algorithm Based on a Banded Width Constraint Strategy

GAN Qiuyun'* ,HUANG Wei*" ,LI Hualiang'’ ,HOU Xiangyu' ,ZHAO Jia'
(1. School of Computer and Information Science, Fuzhou Institute of Technology , Fuzhou,350014 , Fujian;
2. School of Artificial Intelligence , Fuzhou Technology and Business University , Fuzhou,350700 , Fujian;
3. TuoLong (Xiamen) Biomedical Research Institute Co. , Ltd,Xiamen,361000, Fujian)

Abstract; The conventional Smith-Waterman algorithm for local sequence alignment suffers from high
computational and memory complexity , limiting its utility in large-scale genomic analyses. To address these
limitations , we proposed an optimized approach that integrates two key innovations;a banded alignment
strategy that constrains the dynamic programming matrix to a defined diagonal region,significantly reduc-
ing computation time,and a dynamic storage structure that minimizes memory requirements by efficiently
handling the scoring matrix. We systematically evaluated our method using bacterial genomes from Staphy-
lococcus aureus and Staphylococcus argenteus under varying sequence lengths and band widths ( £-val-
ues) . This led to the development of an adaptive k-selection method based on sequence characteristics,
with optimal parameters determined through multi-scale validation. Further validation was performed using
complete genomes of four coronaviruses:2019-nCoV, MERS-CoV , SARS-CoV and bai-SL-CoV Z(CAS5. Fx-
perimental results demonstrated that our optimized algorithm maintains identical alignment accuracy and
similarity scores while achieving substantially reduced execution times compared to the standard imple-

mentation. These improvements enable more efficient large-scale sequence comparisons without compromi-

WFs HH:2026 -01 -20 s« A THEC R A

ESTA: w0 B L2 B L HAHF RS & 31 050 H (FTKY2025004 ) 5 2025 4F B2 i 1 BI 2%2 5 A% 40 0% 131 B s ik 0 A
(LGJG2024028) ,,

EEE N HEk = (1986—) , 2 R T, BBz, Wit . E-mail : gqy5344 @ gmiot. com
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sing result quality.

Key words ; Smith-Waterman algorithm ; sequence alignment; & value ; band width ; scoring matrices ; im-

proved algorithm

WA HER R A S S 1 R U
— B 2 R 1) 2 TR AR AL A ] 51 3 B 1Y)
FEtlh, B R AW A A5 R DI RE R A S
RMEATEENE L T E LT
P )7 22 B Saul Needleman A1 Christian Wun-
sch'> F 1970 4E 42, Needleman-Wunsch 87558 4
TN 4 5 Fo X, I 7E PR 25 B 1 3 9 vh 34k A
e RS TIRE et SR o O AR P e /3
| ,1980 ££ Temple Smith F1 Michael Waterman %5
T Smith-Waterman 5.7 % 55075 & 56 T 3 A ML 55
RN SRy R R S ARARLRE 1) oA, B R 1 R B
B, B5E TRl 9 oW BE R SRRl . s BT
ZRn &R, Hh R Z A FATSA #k
I BLAST 53

SR, ESLPRIA)E Y, Smith-Waterman J&y#f L)
SR BN AS AR, {HIE BEOXF B TR AR XA (] B I
Xof SRR LR DB, e 9045 0 B A7 it =S
[ Bl 2 4 Ko DRI, 4 Y — Bk A Smith-
Waterman VLIS , FEAIR 51 LG XS ] 1) 125 () At
A BA —E MBS L.

1 EARFEE

1.1 HEEEN

Smith-Waterman 5% 5 TEAZ 7R Fr 51 4 1 o
J7 30 22 [R] ¢ SRAFHBL i DG P 194 Joy 38 DX 3l ) — e Jmy 38
BT SEIL" o AR T 0B, 55 5 A )7 5
(8 S 0 R PR LU XA 20 (FT 23 7 A8 1 40 4
A3 ) DN T e 371 22 T] 14D e o AR P DX
SETETT RS 3 i) (R0 DT 23 o o5 1) JE R BT
THf , BRI B BITIT o A RO E A 1, BV RN
FAETIME (FMEYILL0” 2oR8) , X B _RES
Needleman-Wunsch 83 i 3 2 X 1]
1.2 HiEid#E

A (m + 1) x (n+1) P54 H,
WILGAE H 955 0 47F1%65 0 FIOCR N 0, B H,
=H,;=0(:=0,1,---m3;j=0,1,... ,n),

BAETHEE H, AT AN F
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Hi i +S8Csi,t)
H,; ; = max v X (1)
! Hifl,j+S(Sia -)
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)

Horb O AR FBE 8 — N8 9 HLR X, 2 X))
TaJm Xt R 43 o

S(s; ;) PP RALVE LA 23, W, F1 W, 7351 )2
PR (e, B
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Horp 2 A5l o il i 2e 101, A2 A5 40 d, 28
BLRISEAFST 70 e, W n AZSALRY ST 5r Wy =d + (n
-1) x el
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FELRAE B [l 3] AR AN 1 () Frm, HEX &5 R AN 1
(b) Fr7R
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TIIRAR 53 LA K B 7 40 B o 5 2 () () 48 A 2 i)
BN O(m xn) ™o R, B3 T AR 58 2
TR W R Bl S A A 45 R B X6 sk ) 4 A 2 [
TR BT
2.1 EFHEREELHREKBE

FEJRA B b BT 6 45 K e 91 T 20 51
RN IR U A R AT 43 7 Rk AT 1A 43, 57
TR A A o TR S B b & B, B TR U 1 7
25PN AE L %o Ast o AR DG T 18 38 A 2 I e A1
LR IX I, R, 3 S AR R AP IR E G D i
VRGP ST B W A 6T

R 25 DNA JF 0533000 s Fl o, KB 30k
m Al n AR HEX R DA X M 2R L i
BECEER kKA T AT 4, W X SN T R
MRS 54T/ B E R 0 Riwl . o k2 m -
n-k<i-j<k AL, FETEEEN k BRI N T
(1A RE B BB B T A B T B B B T B, B ) R
FBEMAEGER O(m xn) , 8 O(k xmin(m,n)),
2 EWARIT AL 5 XS B8 1 k=2 B AT IR B
Xt 7R A B, SRR SRR B A R DK E X B AR

(a)

0fo0]0
00
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o
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()
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=
ololo|le

olo|lo|eo|e
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0
0]0
0/0]0

(a) m=n, k=2; (b) m>n, k=2
AEFRIINFRETEE

—r— olo|olo|lo|o|e

ololo|loolo|le
olololoole
o|lolo|lo|e

o|lo|lo|e

&2

Fsim X FGC X F(:omp X F

B AR TERE b (X P 81 L 45 R —
SEM, AF 5 R A SR B3 1 3 P SRR AE R T 43 T 4
BEHERZ I K (EL, 57 5 AR, e xt k(B IR
FEAERE b B SEAE L b 1T 2 R RIE, &k B
PR TERE .

(1) FET LR F FHE R k(. MiERN A
6] PP 30 6 A 2 R e, 3 — 3 3 51 R AE I
A BN ke AEIERE i SEal b (H I & W 25751
HR A B K BE min_len, [R] B3 2 3 51 AR R (R
+.GC Fa N+ P o 2 N AR SF N F R
PEE RS EETEE N 5 <k<<0.5 x min_len,

FEHARBLEE B (F,,) « OB 557 S 7E 4 R
JEHE N B UCECAR B . 38 A fE 48 Smith-Waterman 5.
HEXHF A TR A HE T, 5 DC BE B K
(L], DT L] > 0. 8, 108 HH 3 90 12 8 4L, 7
AR IATIE Y 40708, L 0. 65 UL EC L] < 0. 4,
VERH P91 25 A0 R, R 7 KA &, IR 1. 2
HAEBLATEL0. 8 - 1. 0 YE I

GC i HF (Fo) Mt WIZIT 5T G Fl C Bk
PG B2 S, BRI AT AN GC & 830N
GC, F1GC, , EFBE AGC= | GC, -GC, | . # AGC
<0. 05, it B 5 2 ik 5k 2 B8 A 0L, IR 7B 0. 95 5
AGC>0. 15 BB e R 25 I FHCL 10
IGO0,

JPHN R 2T (F ., ) « RILFH) g6 R B
[ Z2 R, S PEA e 81 e R BE (AR RSE B 3
AMIREE) B, B 3-mer) 15345 K 1 A0 T8 1) 52 %
P, A H>0.7, WP E M, TR R 2
ARSI, TR R E, B FHCL A H <
0.3, Uiy s M m, HFH0.9,

PR 7 (F,..) (276 6C 225 575
SRE AT PO RS AT GC & i
FHIE HL A2 2% B A, 0 B 3 A0 A < v, BRI
0.8;4 GC R R H R AL R, LW AR SF AR,
HHECL 2,

ARG kST

cons

k = min( min_len x

=,0.5 x min_len)
z

Forp 2 AN, —BECS - 10, JHFHEH] k B AT RaEmE 1 s,
®1 SHEIGIHHESEFXER

FLH >0.8 0.6-0.8 0.4-0.6 <0.4 <0.05 >0.15 >0.7 <0.3 >0.7 <0.3
ISR 0.6 0.8 1.0 1.2 0.9 1.1 1.1 0.9 0.8 1.2
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(2) ZREESAE k. 2T (D) 152w
R HNRRHETT WG HELF (Y & (8L, AR,
BRI RN AR T 2 R E , A< 52 5 rh ok
FHO. S5k k(i 5 (1) HEFFAR BB & H) (1. Sk F1 2k
HHATIR . DHES SRR RIS RVE NS5, 4
B I kAR BEAT O R SR S L R 5 S
HaR BT EAR oy LU, A5 0 L9 e v 1 ke
O B AHERE ) kB [l FET TR A v, AR AR
A 2 22 53 ) 3l VR R A AR DX iy s, W 1R A
BN & (TR BRI, 4 & B2 e BiA 2] 98%
) U 73 1 % S | U o e ey S o i 1 S IR
PROCHESRE L AT S, bE X fe A T O A5 43 FAR oL B2
RZEESEHIAE 2% AN .

2.2 FHBEFHEBLT

FIOrHE MR 70 45 IS, 7 2 K R v 4% 31075 53
KM BAITHEAT R, 15 208 2015 40 0 By Ep Ay &
1o R 1A B ] FE SRR A A e R e, S
IC % S Fi e R 1553 BT, > BT AL & 15
G-I R R R 3 STV VA A R (=) SN A
WG H, WA EANE 3 (a) BT, Hd, S, fI T,
Gy TR ZAR 43 BOICTE W AR P A B B R
score 1C5% H, i 9T /1A, index 7515 73U, ] Wr .
TCAFAT AR H B L) b 6 R 1 22 RK P ) A2
AL A 1,0, -1 R, i 3(b) iR, 143
Sy I 3 (c) s .

(a)
| S, | Tj |score | indexl

() i

(c)

1,

i Wz

H_
|
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—

2

@ TR TR TRE,;
(b) BB EFFEindex; © BoTEE

3 BoBrTENMTRER

TER 1 H,  BOCRRTHEOR B 4751
S; Ml Tg A8 (SLIIREE TR C”) M P 2
VLRCTF) , score #3500 13 index 2y 0, 27 H i F40
K B X AT, RIFE ok B H s Hot.

JEUA IS ZE AT 2 8]0 O (m x n) , B
JFFU BE I S0, o AL P A7 s Tl ER R
FT T AR HEX 32 R 2% 18 % A 2R A 98 B A k
A X I8K, IX ISR 4 0 T PR AT AT R K B A A7 8 T
o P, TEAAA A BRI S AT 23 BT, AT
FEB N BT RS

SNSRI HE I N WIS S AT AR
AL F AL B R 5 AT LE P 81 R AR fL
BER T ZEIFRE O(2m +2n) Y ZS (8] R85 o 1M 45 14T
O EATCEE R AL 5 R O B, A 0 (R AR R I (L
Bl 3(a)) AR i A7 (85 j 31) ok, A2
PO i -1 47 (836 j - 1 51 [EHRPAT, Hodr S, A1 T,
O BEHE 81 T RCRE (O B, 3T 00 M Sl A A A
AN EIE 4 Frs . RS b, 28 B AEAk 2 i
ST N2 1) 2m + 20" B AT AP OCE IR B
R TEIE D k B0 T I A A5 0 kn, BLAY
LA R O(2m +2n +kn) Y AFHK
JER I, Sk s M 28 O(n) .

5, [fs 5, Jo] 5 [ - Joou 5, ] - [eou[ 5]

H, [ S | T, [score|index|

T, [data] T, [data] T, [ - [data] T, | - [data[ T ]

4 IR ERENSFRENTEE

3 ZRERSHH

3.1 FHEextsE Rk

R TR B IS B A AR B X I ) (7 [
B, 75 30 dpe A 1R DT A 40 H. H X 25 SR, S50 H bl
PLEHUF S BE Ry 500 bp 1Y PR 2% )3 1 1A 7 53 125 )
iR, B4 Smith-Waterman 5375 77 B A 8
FISNRE %, oot 5 Ak e B IR TEE k= [ L/10]
ARSI B Fir >R FH 0 B 4 56 [ 2 800 < maich = 5, mis-
match = -4, Z 7Y E M §1 404 0. 517,

ME S5 R A& 5 Fros, 453 b Al LUE 21580
VERT 5 JRB He X e 4 DE B 75 70 34 R 414, 73 51 AR 2
FER 56. 12% , Stk ii J5 1553 — 20 MU 2ZE 54 0,
LT @i =71 R R0 O N B S = R ey
ATEFEIA 5 ms, G W S VE B (] R 1 ms, 5 B 2k
)5 19 Smith-Waterman B35 A DL FEAIG E X 5 A] , 32
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5 BEHEEEEMKER (L=500 bp)
R2 WHAEEEXTS AKEERERRBFILXNER (F=1/10)

3.2 HEEERttt

R T B AEAEDRIE FEX 1553 B It , BT 45 SR R
TEOLT , BiAE P 9IS BESE I, ek 5 3k T LA 3K
BN G =S P i LTI N e O | B S5 e |
1E 400 - 1500 bp 1) 5 LA R AR L 256

R T A BT o A A BRAE O, T AR
FPREHLA R S 25 HARIP 91, K BE L 435 2 400,500
800.,1000,1500 bp, FHBEMLAERL 5 45K BEAE S HAR
JF5) 50 bp” ANEERITE LLXTF Ao [RIE, FE AR YR 5K
Rorh, B EARGERE k= [ L/10 ] Ck AE 0 R8I0 P 51
JE 10 JERHUEEE ) o O TIFREPIZRF A — 3
P L X 1] A K e AR DT R4S 43 , 43 ) ok FH e i
MO FE BB IR GHEAT 5 AL, A5 RSk 2 B
7, Hor B AR Iy 8RS I 51 43 348 subject F
query KR8 U1 S - 400 Ko HARFHIH Sl 400
bp, Q —416 FK/RTF LA FFIH B R 416 bp,,

SRAL subject  query IS/ % _ XY )/ ms B {FILACAE /5
B Bk G BT Bk G BT Eiesds

1 S-400  Q-416 55.30 55.30 4 1 314 314

2 S-500 Q-527 54.69 54.69 5 1 386 386

3 S-800  Q-792 55.74 55.74 12 2 669 669

4 S-1000  Q-984 54.09 54.09 17 4 694 694

5 S-1500 Q-1485 55.40 55.40 35 10 1207 1207

MR 2 AT LUK, 7R AR T8 B R [ L/10 ] 1%
LT 5 A SEIe g b AE iR AR DT LA 43 AN A8 19
T, G S 1) Smith-Waterman 5595 78 L X s ] | 38
WA T O R A E) L 5 4 S Y 4 — St 43 )
“h 55.30% 54.69% .55. 74% 54.09% F01 55.40% |,
MR G e 2 — 3, P ER N 0%, K6 254
K EEAHR R F 51, 785305 Otk IS 7 40 L i #E
FHAgRSa], A ] L& B, (5 P et I 9 38 ik 0k
TP A X, B[R] AR T G i i 589 B 7571
F AN, B RE A I R) 22 BRI 8 fE e ik
HATESRI A 4 ms F1] 35 ms, SEITIIZR PR,
T WGBTS ) AL 1 ms %] 10 ms, 39K i 2 5
K2R 5 S5 S-S Ik L 295k 3. 67 £, B
MCHE ) R A A R T R

TE RS BEHL A AR EE & S [L/10 ],
BEE P AN LR, A IR TE B k(A AT e
SR H IR 8, 5 FE X A 2t R X 3t /)N o T sk
PRk O B plad g 2 1k B A2 . BRLUL, 76 PRIIE Y

AR B 745 T LA 00 /N 95 B o B T
ARSENAA 530 A R TERE o 791 H 45
SR (LSRR

s0| ®---- BitR

S-400 $-500 S-800 S-1000 S-1500
Q416 Q527 Q-792 Q-984 Q-1485

L2
6 HEMEE S BRKERERFIIE
HAERIRTE (£ =L/10)

3.3 HREE K EXNENERAZMm
S, N NCBL R 2 2 A 8 R [RIIEPERY Staph-
ylococcus aureus (425 O 2 BRI , P51 /N2y 2. 82



H#H =% A FAHKREAELH KL% Smith-Waterman K ok £ 44 51

Mb, GCF _000013425. 1) I Staphylococcus argenteus
R % BRI, P 9 RN 0 2,76 Mb, GCF _
000236925. 1) 733 22 SR LUXFA o it
FEIF , PSS b o3 S 2 B S A TR BE S T Y
F1), B 2H PP 9 R B A 7 s BB AN T T 0, 471
£ 0 BBl 43 A8 (500 1000 1500 ,2500 ,5000 ) bp +

50 bp WYJFAY, S5 S AEAS R IR ERE BT,
SRR IS LA A5 43 FH ST e S AR AP 2545 O
ZERINFE 3 s, HH S —456 F/R Staphylococcus
aureus ( 45 B {49 % BR 1A ) P 51 IO 456 bp, Q -
482 FIR Staphylococcus argenteus (iRFEERH ) F5
KR 482 bp,

£3 TRKEEE.AREREE ETHFILXNER

fE255 SW Fiik Bk SW gk
S subject  query  ABIRGEREE  DUTMT  BFEICRE  FAUM PUTME fEICRE RS0
/ms 4/5y  AMEE/% /ms A5 AR/ %
1 S —-445 Q-451 k=L/5 5 1663 85.25 2 1663 85.25
k=L/10 5 1663 85.25 1 1663 85.25
k=L/15 4 1663 85.25 1 1663 85.25
k=L/20 4 1663 85.25 0 1663 85.25
2 S-995 Q-1012 k=L/S 17 4161 90. 50 6 4161 90. 50
k=L/10 14 4161 90. 50 4 4161 90. 50
k=L/15 14 4161 90. 50 2 4161 90. 50
k=L/20 15 4161 90. 50 1 4161 90. 50
3 S-1510 Q-1495 k=L/5 33 6507 92. 58 15 6507 92.58
k=L/10 33 6507 92.58 8 6507 92.58
k=L/15 31 6507 92.58 5 6507 92.58
k=L/20 32 6507 92. 58 4 6507 92. 58
4 S-2510 Q-2535 k=L/5 87 10939 92. 56 43 10939 92. 56
k=L/10 89 10939 92. 56 22 10939 92. 56
k=L/15 88 10939 92. 56 16 10939 92. 56
k=L/20 88 10939 92. 56 12 10939 92. 56
5 S-4980 Q-5035 k=L/5 339 21640 92. 46 171 21640 92. 46
k=L/10 340 21640 92. 46 87 21640 92. 46
k=L/15 338 21640 92.46 60 21640 92. 46
k=L/20 341 21640 92.46 43 21640 92.46

HGHERT B Y 91 OG5 25 I8 02 k= L s
(RIERATREEARR S 5T 41 ), DI RE S DRAIE 24 11 P 4%
JP 9 LR B Y B AR VR 45 R A5 5 . AAER 3 Hhm]
AR, S AN R B2 5 ] 0 PR 2% 7 9 AEAS [l 4R
VLS kAET , S R A S A DR C AT 43 0 1 AR AR
JE SR g SA s — B, T IR T AR 0 R 1 e R
AETE I LT IRF 1] 49 RIS , D4 HOGE 2 SR A HERA 2

NG AT DL e B, O B B PR T IR TR R A
[F) 7 S B iR B B2 T 34 B AR T e, 78
54 S (S -2510,Q - 2535) i B GRS 1 AE IS
S 87 =89 ms, IHEBAEAE k= L/20 BHUFF 12 ms,

] AR 304 86. 2% . FE[A]—2H L0 b, B & A IR
SLE b ABMIIEIN P T I () — 2D AR 7E 56 3 415K
(S -1510,Q - 1495) 1,24 k = L/5 B, oi i s (i)
715 ms, B[] A 54. 5% , 24 k = L/20 B}, gigtE A
6]k 4 ms, B[] FAARG 87. 9% , i L) 75 B bk 5 i 5
AT ) S22 BRGSO , RSN IR T8 LA
R TR, [ B TR 28 O (m
xn)F O(kxmin(m,n) ) FLEHE FPE,

JEHETE 500 bp BY%5 1 HLHH, 2 k = L/20
B, B Y BAT I (] R O ms, E B i T 51
b, SR PA T IS RIS T 2R e SRR 8 T 3 3
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(9, HARSEPRFERT 0 ms, FEBE FII B, 2
PERILI R PR320 75% - 93.3% AERK ¥ 51
SO RE I R PP 450 74.3% - 87.3% ., [
7 AR P A B G [ AR AR 58 B k(T By

A Y e B MAAPAR G L K {EDXE X455 52
W, BEVE S ALY, BB USRS AR UG AL AN ]
S5 AES 1000 ,3000,5000,10 000,20 000 > 3
B AR BEHILE 5000 bp +100 bp {ifH, 7£4

LS5 A, N ] AR B 3, B 7 9 R
M 500 bp HE < 2 5000 bp , £ GERE BITRATIRE] A 5
ms TURIE TN E] 340 ms ZeAy B T2 68 i,

Iz%‘ﬁﬁir— - - it f]u |[— st - - b
10 30
sequence length: sequence length:
8 | S-445. Q451 25 [ 5995, Q-1012
2 6L Bul
= T guor
BLF ~~o_ S Tee-eoL
0 e, 0 L it 1
KL/5  kL/10 kL/15  k=L/20 k=L/5 k=L/10 k=L/15 k=L/20
i 4 WREE
[— st - - b |—stit- - - st | [t - - st
50 140 500
sequence length: 0 | sequence length: sequence length:
~ 40 |- S-1510. Q-1495 $-2510. Q-2535 400 S-4980. Q-5035
g E 100 | P
' _ w ~ = '
= 0 = 8 =30
0 4+ 60 |- *®
%20 - fg 40 g .
U] SR N ® 0| pRE TN F 100 s N
0 , . 0 . . . 0 ) \ L
L/5 kL/10 kL/15 k=L/20 /5 e L/10 /15 k1/20 kL/5  kL/10 kL/15  k=L/20
WREE FREE

7 ARKEEEAREREE L ETFIILLERE

x4 TREHLESAREE L ETFIILLIER

IR & AAELARTE T SEBUR A EEX , MRS S 45 R i
SRR SGHEHI J5 A5- 43 T B R R R AR ARLEE , 25
W 4 P RS R AN 8 B (B S -5029 .Q -
5302 1& k = L/20 500 T a4 1R M B

S bt ey R I e e R e AT
4 EAORE /ms WS BUE/% /ms WA BUE/%
1 S-4980 Q -5110 1000 k=L/5 345 21953 93.24 171 21953 93.24

k=L/10 344 21953 93.24 89 21953 93.24
k=L/15 344 21953 93.24 57 21953 93.24
k=L/20 346 21953 93.24 44 21953 93.24
2 S-5007 Q-5355 3000 k=L/5 364 21793 92. 67 179 21793 92. 67
k=L/10 361 21793 92. 67 88 21793 92. 67
k=L/15 363 21793 92. 67 57 21793 92. 67
k=L/20 358 21793 92. 67 47 21793 92. 67
3 S -4850 Q -5130 5000 k=L/5 334 21388 93. 32 168 21388 93.32%
k=L/10 337 21388 93. 32 84 21388 93.32
k=L/15 337 21388 93. 32 58 21388 93.32
k=L/20 337 21388 93.32 42 21388 93.32




H+HK=4 EFHRKREAEYEKE% 4 Smith-Waterman H & 4444 53
4 TEREGIEA FERE kBT L ATER

s bt ey R e R i p R R
g1 BE O ORE /ms @A/ D% /ms @A/ BUE/%
4 S-5011 Q-5410 10000 k=L/5 365 19366 87.29 178 19366 87.29
k=L/10 369 19366 87.29 89 19366 87.29

k=L/15 372 19366 87.29 62 19366 87.29

k=L/20 371 19366 87.29 47 19366 87.29

5 S-5029 Q-5302 20000 k=L/5 360 21115 91.40 172 21115 91. 40
k=L/10 364 21115 91.40 92 21115 91. 40

k=L/15 362 21115 91. 40 61 21115 91.40

k=L/20 363 21115 91. 40 47 21115 91. 40

B8 ARAEREE.FRERLRT
SW Bk MRl /E i 45 R

M4 ol LA B, B R B4 S 5 1Y) 1 U 51

SRS O, Wik 5 WY SE A R T SR . AE )
IR kAT IR BN T8/ , 3%
Je T kBB, X 2T X SR, TR
DXIGHE /| 3 7 I ]
N T RUESATE AR P8 Ak A A Y™
JetE #2275 Fe A FIEE HLX e 91 AT RS 0 o2 ' T
L0 A ~ F b6 4508, ¥ 51K B 4500 -
30000 bp (K 3 , [A) — 2 B P 814 BE A 22 20 -
100 bp MRYETH AIE N b (A2 ] b (E5IE,
TR TR b (H, RRA SCHR 3 KU 4 45
STHGLR IS P, Ho S(345:4980) %R S %

AR A 57 B AN [R], (ELURE [R) S5 o, AN ] R 5 15
kAETS SO AT IS B RS 2 AL BEATI AR — B, 22

JP A b 7 B N5 345 SR TT AR, Y S EE
4980 bp.

x5 AERRBUEARKETFIIEINER

B i) subject query Bl kfH AT R/ms SAEDCECR S/ 0 R AIARLE %
A S(345:4980)  Q(350:5024) L4 SW vk - 306 22042 93.47
Hetk SW A 709 157 22042 93.47
B S(1335:4850) Q(1420:5112) {445 SW 4k - 304 20897 92.96
WG SW B 970 149 20897 92.96
C S(513:7805)  Q(450.7740) L% SW vk - 745 33747 93.19
Mk SW B 1032 263 33747 93.19
D S(645:8980)  Q(718:9024) L4 SW vk - 995 39126 93.12
WOk SW A 1196 350 39126 93.12
E  S(7806:20980) Q(8018:21016) {45 SW ik - 5324 85806 90. 17
WOHE SW A 2008 1464 85806 90. 17
F S(4507:34210) ((4485:34176) fL45: SW ik - 14283 130482 86.38
et SW H 3416 3956 130482 86.38




54 it 2Pk 2026 £9 A

£154 #58M(Z%5894)

MRS Hnf LUK B AT RO Bl s, P A B i3
B T B SRR b P2 R
BESUE , TR AR A PR ARARTEBE b (EL, R L3R
15 79 FEXS 8 T SEMEFNER P, ZE R — S50 T (k (E
o T O 0 22 R B e HE A2 45 31 ), 330k SR AT
]t 3 51 JEE B 384 T g 38 , AS [ 1R BE 3R B2 SR
Ayt Ta) A B 22 5, (245 R o0 A v vl UAS: B et 55
T PR o i) 3y 24 B O - 2, 3R I el it ik g
A RIE T TP A R BE R, HoA AR IR,
mE 9 Jis.

DL B ZH5256 (S(1335.4850) ,Q(1420:5112))
S, A EE R ANIE 10 Bz, th oA R el A5, 1757
AR GC S HL i 33. 08% , 1 1& M HERF &
{E 691, 2y T RIIE k (BB & BE S5 B AL, AT
ZRE b EHRAIE, A EFER AR TESE £ (B 970,
IS AT 1, 21 b % B ) 9si 20 52.96% , e fE:
VCBCAF > FAHMRLE — 8. 2L B, P o K
< 10000 bp, #EF#fd ] &ML b (6, 4 P FI KL >
10000 bp , @ AEHMESE & (A b o472 R ik
kA

« = = pre—-improvement s post—improvement

14100
., 12100
10100
8100
6100
4100
2100

100

HATHH ] /m

B¢
By ETaEEE L ETEEAE SV BEEHUTRE XL

b AT A5 ek )5 Y Smith-Waterman 55325 76 ff
WESAE XTS5 IR R, AT AT R B AT 3 4] B XS s ]
3.4 HiEWiK
3.4.1 AFMEFRT( >60% ) 64 ik P4l X

R T VEAG A9 B 4 AR AR 1 () S B o FH A
R, SEERVEHL T 2019-nCov (2019 5 Y 5L AR 5 75 )
AL 31T, 43055 MERS-CoV ( H 25 I 1l 25
BAETEAR T 7E )  SARS-CoV ( SARS N5 55 ) , LA I bat-

SL-CoV ZCAS (Wil SARS #£ iR 75 ) HEAT P DI JR)
TSNS . A SR H A S UOF ORI, 9250
SERATSR T HOA S5 SR B R S AR | de A DE LA
DAL R s AT ), -5 st i SBE A TR 1
S EERANER 6 frn, Hodr,2019-nCoV 7 B R AR
555 JMERS-CoV 5575 \SARS 45 75 Fl W % SARS FE5if
M EE N NCBI T 2% (https://www. ncbi. nlm. nih.
gov/ ) o

FHATEEFS. ..

E10 ETHEAELETEERBEE.
AEKETF I3k 4 R E

6 CHBIE Smith-Waterman B X FARERKHF I LI ER
St J7 S Jrs AL % C4E IG5 ) _HC X ) /ms
S i Aitt e S i peiiz 2 i et e
2019-nCov MERS-CoV 61.19 61.19 43572 43572 11157 3196
2019-nCov SARS-CoV 80. 48 80. 48 97758 97758 10827 3911
2019-nCov bat-SL-CoV ZCAS 88. 15 88. 15 118043 118043 10803 3037




H#H =% A FAHKREAELH KL% Smith-Waterman K ok £ 44 55

M FE 6 Hal 1, 7E 2019-nCoV 5 SARS-CoV
2019-nCoV 5 bat-SL-CoV ZCA5 [y L Xt rf | ot s
A B 50 R AR AR U | DR Je A4 43 34 S ek
HEHT 98 4 — B, BIL AT H BT 64% -
71.9% X —Z5FAESE T, Bt Bk AR S PR Hh
A5 B, F BITE KT 0 He o o 5 ) 00K o B3,
A PR M RRER T M A AR SRR 22 o

M 6 GERAHTAT LB B, =41 x5 R 2 8
FRIRR BL 1 6 5 2 S 61% . 80% . 88% 7 4+, 2019-
nCoV 5 MERS-CoV 2 5K AU 61.19% . 45 HF
FERW, RARp E Ry 82 52 ] Bl , 76 B sl AR 7
JE& PR R i PP A AR ST P, BV 7 328 2% e IR 27 (1]
RS 60% —65% [RARBLEE , FR A e AL 76 P s
(49 GDD KL)% K R 3 a7 R, /T DA
2B de AR A XIS T B T RNA P RNA %
4 (RARp ) B PRSFAZ O X8

2019-nCoV 5 SARS-CoV 7% & %53, J/ulhAH
LLEL > 80. 48% , f It Jay 5 IX 38k 1 il i 55 22 1 e I
SFUIREIX., GG AR [ 12 A Xk , o 98 B R 2 1Rk 2
AR AHITLE R TR ,2019-nCoV 5 SARS-CoV

TE S i WAL G A FE R I ARBLEE 3K 86 % , 55 AR SIE U 45
Ry

JRy P AR S5 e 1 2 Wi I S AR 75 bat-SL-CoV
ZCA5 KW 5 A ReAA7E B4 0 A0 G HK, Ja i B
DU IR AT e w5 PR 2 1 K B 22 IX 3, nl el
FEAHE A A e LRI 2H 57 0 37 I 1Y R ST
A B DA 33X R T e 2 19 Sh A U 1 it T
A T SR
3.4.2 AMERFII( <30% ) 8 F kAR ]9,

R TR S AR R ER AR S 0T ) HER
PEFIATSEME  SEI0VE IR 48 R 5 FE B s i M
RI2H 7 40 e B 8 o S8 i P 91 19 1 4%
H NCBI #4352k B LR ALK 20 ( Homo
sapiens ,NC_012920. 1) 3 & 2 b iA R K 4H ( Danio
rerio ,NC_002333. 2) DI K 4Bl g FF -4 Ak 3L P 41 (Ara-
bidopsis thaliana ,NC_000932. 1), i )\ iR 5t
PR BOR R BE 19 3 0 B, W T = AR
PURT 30% Wy L AT SEgn 4, A L E R S Ik, i
SKEAEVEICAT 53 T SRS K TS0 TR ], 45
mzR7 P,

RT RBACERT( <30% ) MEELITER

R Tl JFH R AL % BCHEIC RS 4y LR ]/ ms
ke i AT LSRN ¢ i ] [T §7i3: ) Bl
Homo sapiens Danio rerio
27.2 27.2 412 412 21 11
(1020 bp) (1045 bp)
Homo sapiens Arabidopsis thaliana
21.8 21.8 561 561 64 29
(2015 bp) (1988 bp)
Danio rerio Arabidopsis thaliana
24.3 24.3 935 935 164 67

(3050 bp) (3012 bp)

MR T SR A LA W, 78 )F S0 A AR T
30% R G0 T, Bk S Y Smith-Waterman 53
ATHRE R B 2 S5 FE 1 JR 388 O X DX, 7E =20 230
o R I 9 SR UG AT 43 RS B R AL R 5 4 —
o XULH, R IR 98 2 AR S BR ) TR X
B EEET B 2 RS UERY & (B3T3, i
DRI R R 3 DR W 3 O, DA ITT 4 457 1 45 SR 1 1
.

FERF IR I %R EEZY 2 1000 bp 2000 bp
13000 bp FARAH L ¥ 51, Bltk J5 9 33 A T I
) LU 1 58 57 15 03 I B AR T 24 47.6% . 54.7% Fil
59. 1% . ZIRIRH, RIS 7 ) [a] [R] P A, 7 R 2y
FORBEE L B IE N kAT R BB A ROR R T

TEAE R Ry B DR <y DX, DA T R il b 1 ekt 4 2
THTHRRCR . SCIRsi Rit— LR 1 ok 5 158
TEAE HEXHIRAR A 3 S N Ay — R B 1k

4 g

FEFH Lk ] @, 5485 8 e A DL e 1)+ 7
G EA SEBR A A4 78 S B SE Y Smith-Water-
man F7EAE 77 [H] R 23 6] 47 it A 1 55 [R) R, £ iy
T AT AR TE B M A RS . AR
NGO RZR SR S N Eiki - N = R ) 2]
DERCES 4307 P A AR AR AN 22 R BGIE, 51 A H &
FRIAHPIR T8 B S8 ke, ZE AR UE U X HE R P A A 32 T
HEAR T AR A A, SCIR A5 IR, ot
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Ja I EEAEA R FP I BE A 1F R BT REA S T HEA
ROR AL GUAE B R E R TR PERE .

TEAFAELE R T AT, $2 1 1 — ity e s 25 A7 il 46
B 5 1 , A AR A E A THROIR S BEIE bl 52
B IR . WEFEE R A B, AR S 2
Bk A BO SRR B K I TR] P BE Y B A R
i, B e S B AR 38 K, IR B BE AN B /DN, LA A
U8 PR A E B A R AR R AL . R S
BERE I, T EHE/N b AE, 4 F AR U BRI, w]
VEFER kAH SR, 7ESE PR R, FEAN R 58 2 A
FEBIRIARRLRE o PRI, A IS4t B 17 17 910 e i
(22 R b (B3 UE, A] LR UERCR 1 [] 4 T HE XS
HHERAYE o

IR P JE B Smith-Waterman 5535 75 i [A] 44
AR (A7l A XS B T AL, (B2 A 7 51
KRR, AT R 28 BB K. a2t
B BN S (A S BE A T IR AR ST ALAL , R
[ Ik €y e e a R AR I R s 2 e ST RES
Kb R R 51 FEXS R P RE o

S 3k

[ 1 IHRRZ. 5T 3h S MR Needleman-Wunsch XUT 41 H
X AT SO LT ] AL TR S5 R, 2021 ,43
(2) :340-346.

[ 2 ] Smith T F, Waterman M S. Identification of common mo-
lecular subsequences [ J]. Journal of Molecular Biology,
1981,147(1) :195-197.

[ 3 ]Z it BTl 2SRRI i 2 B UF 51 L X i ge [0 ] B
HAEHL(LLRR) ,2017(32) :28-33,37.

[ 4 ] Lipman D,J Person W R. Rapid and sensitive protein simi-
larity searches[ J]. Science,1985,227 :1435-1441.
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[ 6 1B #4). BUTFF XAl AN B [T ]. AR5 B2,
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[ 7 IBRERE ,41EL. T Profile X Y WOk A XS R [ T].
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[ 8 JmifE, tha. FTULE minimizer Fi1 172 3 2L K 751
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[10] Z#4]. EMBOSS R {F-GL 781 /3 A A e M S [0 ] A=
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C11]5RIGERS At SRR R AT ik PROBURE 91 e PR R
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EF STM32 1 OV2640 B Ex AN B G RE R 5L IT

wERz L EAEL B RGN

CERIIEERE  THANLIERE, 280 kR 232038)

H EAHANREAEBRRERERAS ARK R BHFFA, &t T —H A& T STM32 4= 0V2640 #3 A X B
R 4E A%, 3% A %k STM32F407ZGTO 3 K 4 AR B AF 1 3 OV2640 47 B4R R 4 , il it LCD EH 2
o FIBT,EAEGS RIS 00 EARE I WIF] 43k 2 3% £ PC AL, 20K, A %Mm% Ea Mk TR B
B R BT ABA Y EAS S i T A AR — 8 A,

IR STM32 £ %:;0V2640 A % ; B X &

hE 4B . TP274 SCERARIRAD: A SCEHE 12095 —297X(2026)05 - 0057 - 06
Design of Embedded Image Acquisition System Based on STM32 and OV2640

HOU Jingyun™ ,WEN Guocai, YANG Sheng, FENG Guangshuang
(School of Computer Science, Huainan Normal University , Huainan,232038 , Anhui)

Abstract ; Aiming at the problems of high cost,large volume and difficult transplantation of traditional im-
age acquisition system, an embedded image acquisition system based on STM32 and OV2640 was de-
signed. The system takes STM32F407ZGT6 chip as the core,uses image sensor OV2640 for image acquisi-
tion,,and displays it in real time through LCD. At the same time, it can also send the image of abnormal
temperature and humidity to the PC through the WIFI transmission module. After testing, the system can

complete image acquisition, display and transmission in real time and accurately,and has certain applica-
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tion value in mobile terminals,industrial production and other fields.

Key words:STM32 system ; OV2640 system ;image acquisition
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while (OV2640_Init( ) )

{

Show_Str (30,190,240,16, “0V2640 4&i%!",
16,0);

delay_ms(200) ;

LCD_Fill (30,190,239,206, WHITE) ;

delay_ms(200) ;

f

Show_Str (30, 190,200,24, “0V2640 1E&#!”,
24,0);

delay_ms(2000) ;

0V2640_RGB565_Mode( ) ;

My_DCMI_Init( ) ;

DCMI_DMA_Init ( (u32) &LCD - > LCD_RAM,
0,1,DMA_MemoryDataSize_HalfWord , DMA_Memory-
Inc_Disable) ;

0V2640_mode =1

0V2640 _ OutSize _ Set ( leddev. width, leddev.
height(2) ; OV2640_jpg_photo(0) ) ;

DCMI_Start( ) ;
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fnzs LCD SR, H E2AM T .

Void DCMI_Start( void )

{

LCD_SetCursor(0,0) ;

LCD_WriteRAM_Prepare( ) ;

DMA_Cmd( DMA2_Streaml, ENABLE) ;

DCMI_CaptureCmd ( ENABLE) ;

f
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(H 3 A7 i o U7 10)) A% %y £ 4k, JF i USR-
C215BWIFT JoZk 14 i #5242 i 4 42 e 3] 1) 54 1%
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for(j =0;j < jpeg_data_len %4 —i;j + +)

{

While( USARTI - >SR&0X40) = =RESET) ;

USARTI1 - > DR =pbuf[j];

Key =KEY_Scan(0) ;

If( key ) break ;
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B FHORIE A GG R F AR, APt B AL, — AR S A £ Bde 5 @& A AL 69 RGBT 33z
Sk, BRERBRNBE MEESRER(MAE) B3 @@ zE W52 MEENAMRMER, FAESHE
FAER IR G R B AR, EAFAERR AR, X AR AR W 2 & S 884 (CMBAF) £ 3, & F Transformer & UiE &
Jy WU AR A 18 K IE B B SR B, SEILLCEE S| S0 A ST B AME S R M e T bRk, #— i, 3]
ANETREFORA TR 5 1T RBIRE TR AE L AR ABRORE, WRENEEARLY
F T2tk /1, GTOT RGBT234 4= LasHeR Z A AT E Loy L3 £ 9, AT 3 75 i £ LasHeR 035 5 L IRfF
67. 4% Wk Ffo 53. 6% W AT B B TR T R 2.3% I T ATAR G R 0 A Ak
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Modality-Aware Perception and Bidirectional Attention Fusion for RGBT Object Tracking

LI Pengcheng
(School of Computer and Information Engineering, Bengbu University , Bengbu,233030, Anhui )

Abstract : RGBT object tracking faces persistent challenges arising from inherent cross-modal imaging dis-
crepancies and insufficient exploitation of complementary information under degraded environmental con-
ditions, such as strong illumination, haze ,and extreme low-light scenarios,all of which substantially com-
promise tracking robustness. To address these limitations, it proposed an RGBT tracking framework that
integrates modality-aware perception with bidirectional attention fusion. At the feature extraction stage,a
modality-aware enhancement( MAE) module was constructed ,leveraging the synergy between channel at-
tention and spatial attention to strengthen modality-specific representations while suppressing irrelevant
noise. At the feature fusion stage,a cross-modal bidirectional attention fusion( CMBAF) module was de-
vised based on Transformer cross-attention mechanisms, enabling the modeling of long-range semantic de-
pendencies across modalities for texture-guided thermal infrared compensation and saliency-guided visi-
ble-light denoising. Moreover, an uncertainty-aware dynamic gating mechanism grounded in information
entropy was introduced to adaptively calibrate modality fusion weights in response to varying environmen-
tal reliability ,thereby enhancing model generalization under modality degradation. Extensive experiments
on three public benchmarks GTOT, RGBT234 , and LasHeR demonstrated that the proposed method a-
chieves a precision rate of 67.4% and a success rate of 53. 6% on LasHeR, surpassing state-of-the-art
methods by approximately 2. 3% in precision,which validates the effectiveness of the proposed approach.
Key words : RGBT object tracking; modal-aware enhancement;bidirectional attention fusion ; Transformer

cross-attention mechanism ;uncertainty modeling
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W Befil & SR g 42 THE L IE A [ 37 5 T 1z AL g
VEAFSR , 3T Transformer'™ [R5 %1 7E RGBT IR AT
S R R, Hui 2505 o b R 4
BRI 2 A B 58 T ML S 08 £ S A . He 251
FIFH 2 52 B AR T E G RE . BEE RBRAL &
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TE IG5 5 AYAFAE X g0 70 00 PAE T30 3 24 35 1)1 22 3
R Rk, S EIBA H x W x 1 523 [al{5 B ik
P, K P sk s () R TR B 2 B2 b F e, B 1l
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o OE AP B4R K R A ARE P, 3Rk — AP k09 YOLOVI2 B ARG MIAER | 4 2%, /25 F M %3%3t £ 3] A ED-
FFN #e % 555 80 B T M & 25 M), VASRALHE RAFAER IR AR ) Ao B T M SR ARGk A4k ), SR LB 5642 95 RO WY IR B4
GRS 5 30 RBP4 R 0B ETE AT B R, B AP £ R EDFFN fo = & 02 & 71 AU4) A AR G =4
R AEAS & RBOP B4R 2 A 4 e LA AE . RUG , 26 P30 B 69 T M &7 23138 W 44 4 2 — #F MF-YO-
LO A, £z R A9, MF-YOLO A4 # % . 2 5% mAP@ 0.5 mAP@0.75 #» mAP@ 0.5:0.95 kA48t F
YOLOVI2 4 #1427+ 4. 2% 11.94% 11.02% 11% #=11. 01% , &R 3547394 F YOLOVI2, & ¥ 2540 F iR A AR iE L A
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KR F 254k 7 SEDFEN; & A AU 5 B ARG
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Research on Identification and Labeling of Chinese Medicine Decoction
Pieces Based on Improved YOLOvI12

TAI Yue®™ ,ZHU Jinlong, LIU Ruxiang

( Department of Electronic and Information Engineering, Bozhou University , Bozhou ,236800, Anhui)

Abstract; An improved YOLOv12 object detection model was proposed to address the issue of recognition
and annotation for Chinese herbal decoction pieces. Firstly,in the design of the backbone network , the en-
hanced discriminative frequency feedforward network ( EDFFN) and a multi-level auxiliary backbone
structure were introduced. This design aims to enhance the sample feature capture capability and the fea-
ture fusion ability of the backbone network ,thereby achieving cross-path and cross-scale deep feature fu-
sion and enhancement,as well as extracting the potential semantic information of Chinese herbal decoction
pieces. Secondly ,in the neck network ,the EDFFN and a triple attention mechanism were integrated to re-
fine feature information at three scales,which enables the acquisition of both spatial characteristics and se-
mantic features of Chinese herbal decoction pieces. Finally,the proposed backbone network and neck net-
work were combined to construct the MF-YOLO model. Experimental results demonstrated that compared
with YOLOv12, the MF-YOLO model achieves improvements of 4.2% ,11.94% ,11.02% ,11% and
11.01% in precision,recall, mAP@0. 5, mAP@0. 75 ,and mAP@Q. 5: 0. 95, respectively. All metrics of
MF-YOLO outperform those of YOLOv12, indicating that the model exhibits certain effectiveness in the
recognition and annotation of Chinese herbal decoction pieces.

Key words ; Chinese herbal decoction pieces;enhanced discriminative frequency feedforward network ; at-

tention mechanism ;object detection
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T R R R i B ML AL 58 07 A4 6 1 i
B R SRy il ) SE . YOLOv2
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1 FREFRASREEESN
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YOLOVI2 AR Tt G TR F S A Y 2848, 7EAH 2]
AT, Ll 2R ok TR R RETE
SEPRBEPE L ARAT A A OR . R4 YOLOvI2 fE28
RS LB T BRI PR BE , (H AR E 1 B
R 25 POR TR YR BUR IR UM, X 4B 7R 1R
RATE NN H 2 2R 33X AT 55 I A7 1 [ ) Y,
TR B3 FUAR BRI RE A A2, 0 AR AR AE X
Iy BEAN G, SR A A 2 T Bz AL RE T 55
RS T AWFFER YOLOVI2 BRI HE T
i 3 SR L RS BE ) S AR AL SR HRE AT s it
(1) YOLOv12 Ji7 Ji F 25 1 PR e, Sy S b v 24

TR PO PR S
2 Mgt

2.1 EDFFN &k

EDFFN ( enhanced discriminative frequency feed-
forward network ) J&—Fh 3L T4 A9 FFN, =35 H 5
SETEATI g A0 M AT e A B PR RAALE , LR
FHEMRAL A rdit ™. EDFFN S8 iof 78 S350 o i
RHIE , JEHORAE G 26 BOWI AT 55 Hh RE RS 11 3 17l 2k
E DR B A RO RS B 1R RIS i it . ED-
FEN F AN 2 Bz o

4’\ Convl x 1

Depth Wise
Convolution_-{ GEGLU H Convl x1 H Unfolding FFT

Patch

Patch
Unfolding

2 EDFFN #&h

EDFEN E5oxti AR £F, 25 1 x 1 B
TRIE AT 73 B S R A T R AR S, A ] b 2 A vfiE A
AL BRJE ARFAE , 22 GEGLU S R4, S A2
PERSVE RTMRRIFARE Ty oAb PRS0 B bl PG
i 1 x 1 AR R A5 2 A AR AT s A e Ak 1L

@ = FFT( PatchUnfolding ( Conv( GEGLU( DConv( Conv(EF, ))))))
EF, = PatchUnfolding(IFFT (P OW) )

2.2 MLAE BFMZE

TEE TR BT b A4 —Fi & T ED-
FFN )22 2¢ 558 ( Multi Level Auxiliary based on ED-
FFN,MLAE) W 45 2544 , 2L YOLOv12 B [/ 4% Ay 3
filif A EDFFN 58 F 2 9050 B 5 B 450 . X —1%
¥ EDFFN T4 HUh 250k R BB RHE , 2205 B
15 8 4519 T o Ak 18 SC, #F 1 52 & A I 2k R
MLAE BT R nE 3 Fris.

B3 MLAE FF Mm%

MLAE 3R 1 24~ FRUZ MR AL 33, i 1 3

THRRIE R T AN A B A B 6 A0 B ) B E 20
FEFE RN FET 47008 AR 40045 31 @, Bl 5 280 300 A%
Bobs B vk 2 FE 4L, 15 2 A WY b EF,, , ED-
FEN 1587704020 (1) 5(2) -

(D
(2)

T Z B DA R R IE RN B T o 7EAL A AT R
WK IHR 2 B2 M C3k2 BEATHRAE R R, 3k
BEANANFER ST FREE . 7E55 U2 9 (P4) Fih
FIZH(P5) F RAERTE] A EDFEN, Bl A2C2f_ED-
FFN Bidl, diid A2C2f_EDFFN R4 FRERAE AT 8
HEHE ], PRS2t — % A2C2f_EDFFN 45 He 45 3] 4
T4 ik — B B o

MR 22 2 0 45 FR A B 22 ROBERRAE il & AR
A ST R FH 2 900 By T 9 28 FH T 1 0 A
TEMEEI, B 3 W] LUE Y, 76 B e T R 2% 1 S i
K2 PLE PS 29 T ORFEFFAERS A CBLinear
R 2 S R R AL 2 B TR RRIE BT
FEHE WA R 25 A B CBFuse W #E 4T 4R AF il 4
Lt HEAFZH G R, 7T LA A5 e s Al
MIFFIEFRIBRE ) o 76 MLAE v Bl T 5 JZFFERY
CBFuse P17 FURAE , 15 8 A5 P15 TR 2 B
FRIERA , TR, 2t 2R C3k2 5EFUE £
REFFEmA 153 2 e 2 n 5 o
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TV 7 HL A 14 4 AF 4% 58 09 2% ( Feature Enhance- 1 1
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Network , FETN) S i, Neck ( 575 W 45 ) #43 , ot v [m | mow | m
SR BB R R ST S, IR T R chamnteront| | | zroot | | | zPoor |
BTSSR, S E B = 4l | 2ag | ow |
B, H AP o S ST AR S (A 4R 1B W e 77 Conv 77 Conv 77 Conv
Y C 2R HARAE S Ol SRR R 4 % [ :cth.,m [B ;I}Nm “::chlm
SV ST R P YIS TS il
FOY S, SN 4 FR
TEZE 5y SCH, 1 S 0 R b sk i o, R AT AL 452
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x7 4 BUZ HE 47 45 AF 4R 3L, 75 24 Batch Norm il - {} - |
Sigmoid PRECHRAFIE AR E, A SHA 1,780 I
FEHITAF BN A bo, , N (3) FFR » =
H4 =EEENEHR
bt, = Sigmoid ( BatchNorm ( Conv, , ; ( ChannelPool (¢;,) ) ) ) Ot,, (3)

FE 3 S0, T SR IR K ¢, eSO LA I
J¥, RN € x H x W26 (5 JBE A0 I £ e e 90 °15 5]
WxHxC,ic A5k pt,, 3853 Z-pool ML FLJE T
RIEE2 xHxCo Pt 7 x7 HRIZHEFTRAER

e, fi HH A5 2R i B b W e % 90° LIYK & I
FAGKERIEAR ICHh bty o S EE AT
IBAERE C RS [WI4ESE HTERE A, insi(4) X
(5) B

BAEE 1 x Hx C, 2535 Batch Norm £l Sigmoid & pt, = Permute (¢;,) (4)
B, R AL S8, 15 e dE 5 K B pr, B IR A
bt, = Permute ( Sigmoid ( BatchNorm ( Conv, ., (Z = Pool (pt,) ) ) ) Opt, ) (5)

I BRAE A7 53 S R IR K ¢, BEAT W A0
ElBele A HL A BEN Y, AR IS F A gk H x C x W,

TIESEL, H5 pty B0 R AR5 e % K
IFIRIEAR IEh bey o WF(6) (K (7) PR

TR RERE2 xCx W, Bl 7 x7 BRZFEZ 1 x pty = Permute(¢,,) (6)
C x W,F5-434 Batch Norm F1 Sigmoid pR AR Al 2
bt, = Permute ( Sigmoid ( BatchNorm ( Conv, ,, (Z — Pool (pt;) ) ) ) Opt;) (7)
ZEG bty bty bty AN ARAG RPN R 4R HTE R, A IR R iR A
RS B AR S B S R [Coupt |}

FIEH R R 1, () 7R -
t,, =Avg(bt, ,bt,,bt;) (8)

TP A A Y B A RO A S AR Y 2 R
SUAE ., S B T RN S W) 2Z [B) i S 4EBE 58 B, FETN
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5 FRFEFTIFRE AT PR, DRSS R A 2 ED-
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Hi 1 AT LU Y, 8O0 46 20 PR A A, 2800
&, B EEED il B s . AR b2k
R 8: 2 LR 23 i 2R e g e AR , YN 25
i FE R batch B8 2y 32, 6 ] SGD {ifk &% , epochs
300 Ko ANFEEAREE VisDrone2019 35I| 2 4E 6471
KRR, e g 548 sk KR, IR #E b batch 35 &
A 4, i i SGD i fk %% , epochs iy 300 X
3.2 iFMiEtR

SR FH H s A I S5 A % P, A3 [l
R mAP VRPN bR TR IL(9) (2(10) .

TP TP
P_TP+FP’R_TP+FN (9)

AP = [\P(r) dr,mAP :é/%(i)
T S 5 2 R A A
e H1, Horh mAP 43 mAP@ 0.5, mAP@ 0.75 il
mAP@0. 5:0. 95,
3.3 MR
Sy UE MF-YOLO #5858 Bk 9 45 5 bk, 76 1h 25
R B LA SR B AP Rl T

(10)

RO T RS I 2 RN ER 2 TR . MF-YOLO {33
FRASTHRRN T ol Do 28 285 4y, 1B A0 1 FIABERY 2 7 5 PEA
PSSR B Al 7 /R, B EDFFN 5 = S &
1o A5 3 PO 25 5 5, MLAE 5
FETN 73 5| A AR 4 £ AL 5, i F MF-YOLO &
MLAE M2 5 FETN 52 A1 45 7, B i 2455 700 5 o)
A A BN W 25 L5 T AT 6, th3& 2 T L
F i, SR, kg A = R T B (AR
2) 5 MLAE %% (157%14) [FETN [R5 (#5575 5) H4¢
ARFEEE LEETH T H RIS mAP, (REL T X LR H
o 2% ST A RE . B 3 1T LU Y, EDFFN
=R TS MR P, R B
R f1 7 B8 a0 oA 7= A T W TR RN, 75 2 3 o
RIS LS AT AL G o 582K ) MF-YOLO (5571
6) WA T A A 70 rp () e AL P B, mAP g S T
4 R At 3 L7 | 38 B MF-YOLO %% (K 28 #4531
HA—E WA, S A2l REEAEREHE
R AN, R ok B Y PEREHE T o

F2 HEAZRWIILER %
iz EDFFN MLAE  FETN p R mAP@ mAP@ mAP@
TR 0.5 0.75 0.5:0.95

YOLOvI2 55.47 48.49 50.17 23.10 25.79
1 vV 54.39 45.75 47.55 21.29 23.91

2 vV 54.76 51.50 52.55 25.00 26.74

3 vV vV 49.57 45.70 45.64 20. 19 22.62

4 vV 56.09 52.94 53.56 24.37 27.16

5 vV 56. 12 50. 90 53.12 23.55 26. 64

6 vV vV vV VvV 57.80 54.28 55.70 25.64 28.63

3.4 b

KB UE MF-YOLO H5 #Y 2 i 1) A7 8501k, ¥ MF-
YOLO F1 YOLOvI2 7£ /A $: 5 48 VisDrone2019 |-
PEATX LS, tnk 3 froR. Al LLE H, MF-YOLO
BT B TPEAL R AR BP0 T A YOLOvI2,

IOE T HEEAMERE P2 Tt , TR AR X5 S Y 1
PUAA , BA R ny s 4z AL RE F7 , Hoh e 045
Ff mAP@ 0.5 $#£F+25 9.93% , mAP@ 0.75 & F+ %
13.18% ,mAP@0. 5: 0. 95 $£F}-#) 11. 65% .,

%3 MF-YOLO #1 YOLOvI2 7£ VisDrone2019 H3 b 25 R %
R P R mAP@0. 5 mAP@0.75 mAP@0.5:0.95
MF-YOLO 55.71 43.22 45.38 28.94 27.99
YOLOvI2 51.70 39.74 41.28 25.57 25.07
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R BEUE MF-YOLO 7EH 251K 5 G i) B Ar e
AEJ1 ¥ MF-YOLO 5 4 §if 32 3t (1) B A S ) 455 784 33
T4 4 % e, Bl MF-YOLO 1 YOLOvI2'™',
YOLOvIOn'"' | YOLOv9s'™®! | YOLOvOt'™®! | YOLOVS,
YOLOv5 ,RT-DETR""’ | SSD" 7 vh 24 4k B $ ¥ 4E I
AT LR .

HAETE PR R4, & A BERL 2y 5
mAP@O0. 5 il mAP@0.5:0.95 |47 7 %F ke, ange
4 ii7n . FILLVAE H MF-YOLO 7E 300 kA,

2 [RBEON B i, RS MF-YOLO 11 2 80 F T35
TR T ER R AR A (F L AR B T i R
ZREEHK . M TS EEE D1 YOLOVt, mAP@
0.5:0.95 F8FREEF2 17. 1% AARIILACH v 2 5k
iR E . SSEEAER YOLOVIs Atk , MF-YOLO
BRRIE 45 T0 45 bs 5 e 1 [ B, 33 B PR AR 1 24 50%
FEAE T mAP@O. 5:0. 95 48%5 5. 41% 32T, ™ B
THHE ST ERCR,, 5 SHGE TR R R K AR
RUMI L, TR D25 A BB B8 mAP | &M flF RT-

MF-YOLO f) mAP@ 0.5:0.95 %} F YOLOvI2 #  DETR.
454 11. 13% , MF-YOLO [y mAP@ 0. 5 #f S5 F x4 TEAEBREFHRFINGETHRILER %
HoAh AT FL oA AR R YOLOVI2 427 i mAP@0. 5 mAP@0. 5: 0. 95
#510.76% o MF-YOLO 55.81 28. 66
LT Hb 55 GIE MF-YOLO #5570 14 B (19 45 201, YOLOVI2 5039 25 79
LR AE TR 250K R IR HEAT X HLSE 0, angk 5
T IO YOLOVI2 AR , ek B2 YOLoWt 1846 2446
AR THEL YOLOVI2 #2742 4. 2% {64 101 |4 YOLOWs 39 271
T4 11.94%  {ERZOPEREFE AT mAP |, MF-YOLO YOLOV8 55.31 27.91
£ mAP@O.5 E4ETH2) 11.02% ,7E mAP@0.75 | YOLOV5 53.93 27.18
#I+ 25 1%, /£ mAP @ 0.5:0.95 L 7+2 RT-DETR 45.78 23.62
11.01%, SSD 52.94 25.30
[ AT LB H MF-YOLO #5570 Pk i 5 480 780 {4
x5 AERBEPAHRAWIEETHITLLER
AR P/ % R/ % mAP@O0.5/% mAP@0.75/% mAP@0.5:0.95/%  Parameters/M FLOPs/G
MF-YOLO 57.80 54.28 55.70 25.64 28.63 4.84 11.2
YOLOv12 55.47 48.49 50.17 23.10 25.79 2.52 5.9
YOLOv10n 56.62 48.51 51.88 24.89 26.74 2.27 6.6
YOLOv9s 56.03 52.68 53.82 23.95 27.16 6.21 22.2
YOLOvV9t 54.57 45.90 48.19 21.18 24.46 1.74 6.5
YOLOv8 56. 14 54.03 55.07 25.22 27.91 2.69 6.9
YOLOv5 56. 64 51.66 53.93 23.65 27.19 2.20 6.0
RT-DETR 56.49 47.71 45.72 21.75 23.56 32.09 103.7
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Comparative Analysis of Ground and Pipeline Settlement During Double-Tube
Parallel Shield Tunneling

WANG Peng* ,WANG Yun, LI Yongkang, XIN Haiyang,ZHANG Jingjing, DAI Guangming
(School of Architecture Engineering, Ma’ anshan University, Ma’ anshan ,243000, Anhui)

Abstract ; Through a comparative analysis of field measurements , theoretical studies,and simulations con-
ducted on a subway shield tunneling project, it explored the deformation patterns of ground surface and
pipelines induced by double-tube parallel shield tunneling,and showed that when spacing between double
parallel tunnels is 14 meters, lateral settlements of ground surface and pipelines caused by single and
double-tube shield tunneling both exhibit an approximate V-shaped variation ;range of longitudinal surface
settlement caused by shield tunneling was approximately 35 meters, which mainly goes through three sta-
ges :slow development ,rapid development and gradual stabilization,load of ground vehicles increases lon-
gitudinal surface settlement;top and both sides of segment are subjected to significant compressive and
tensile stresses with stress-concentration phenomena; cross-section of tunnel deforms from a “circular
shape” to an “elliptical shape” ,with compressive deformation in the vertical direction and tensile deform-
ation in the horizontal direction.

Key words : double-tube parallel shield ; ground settlement ; pipeline settlement ;numerical simulation
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Development of Demodulation Algorithms for Fiber Fabry-Perot Sensors

ZHAO Xiaoming' , WU Kaipeng' ,ZHOU Cheng'“ ,LOU Liangliang' , TIAN Jiajun®
(1. School of Artificial Intelligence , Taizhou University , Taizhou,318000 , Zhejiang;

2. School of Electronic Information and Engineering, Harbin Institute of Technology ,Shenzhen,518055 , Guangdong)

Abstract: To review the development of demodulation algorithms for fiber-optic Fabry-Perot sensors, in-
tensity-based demodulation, frequency-domain demodulation, spectral-peak tracking demodulation, and
deep-learning-based demodulation were summarized from the perspectives of information utilization and
modeling paradigm. It is shown that traditional methods are characterized by clear physical models and
mature implementation,but are limited by finite-feature extraction and model assumptions under low sig-
nal-to-noise ratio, wide dynamic range , multi-cavity crosstalk ,and complex environments. Nonlinear map-
pings can be established by deep-learning-based demodulation using full-spectrum information , showing
potential in crosstalk suppression , multi-parameter decoupling ,and adaptation to complex conditions. How-
ever, limitations related to sample dependence, insufficient generalization , and limited physical consistency
remain. Future research should be focused on robust demodulation based on physics-model and data-driv-
en fusion, intelligent demodulation with limited samples and sparse sampling, and co-optimization of ac-
quisition hardware and demodulation algorithms.

Key words :fiber-optic Fabry-Perot sensor;demodulation algorithm ; deep learning ; data-driven ;intelligent

demodulation
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Selected Area Electron Diffraction Simulation of DO,, Phases via MacTempas

CHENG Hongwei * ,MENG Weili,ZHOU Jiafeng, QU Suping, DONG Chao
(School of Physics and Mathematics , Bengbu University , Bengbu,233030, Anhui)

Abstract; The DO,, structured phase was investigated by constructing atomic occupancy models based on

Wyckoff positions. Selected area electron diffraction (SAED) patterns along different zone axes were sim-

ulated using MacTempas software and were compared with experimental results,by which the atomic con-

figuration of the DO,, phase was determined. Visualization of the SAED experimental process and infinite

trial-and-error in result interpretation were enabled through this approach, establishing a highly realistic

“virtual electron microscopy laboratory”. It has been demonstrated that complex alloy phases can be effec-

tively resolved at the atomic scale by combining simulation with experimental electron crystallography , and

new insights are provided for phase analysis in materials science.

Key words ;: Wyckoff site ; MacTempas simulation ;selected area electron diffraction ; configuration
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A Two-Stage Maintenance Strategy Optimization for Rental Equipment

HUANG Xianbing ™ ,YAO Mengyue , DONG Ke, YUAN Xupan
(School of Economics and Management, Bengbu University , Bengbu,233030, Anhui )

Abstract ; Leased equipment exhibits non-stationary degradation characteristics throughout its lifecycle,
with its failure rate accelerating as service time increases. Traditional single maintenance strategies strug-
gle to balance maintenance precision with economic efficiency. To address this issue, it proposed a two-
stage hybrid preventive maintenance strategy. In the first stage, a non-periodic preventive maintenance
strategy based on a reliability threshold was adopted , while a periodic preventive maintenance strategy was
implemented in the second stage. This model comprehensively considered factors such as minimal repair
costs , preventive maintenance costs,and penalty costs. A two-stage optimization model was developed with
the objective of minimizing the expected total cost,and a corresponding solution algorithm was designed.
The results of a numerical example showed that the expected total cost of the proposed strategy was superi-
or to that of single strategies, providing an alternative solution for leasing companies in developing mainte-
nance plans.

Key words:leased equipment ;two-stage maintenance ;reliability threshold ; periodic maintenance
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Research on Workshop Production Workstation Competition Based on Decision Tree Analysis

YANG Lu® ,SHI Lin
(School of Design,Hefei University, Hefei, 230061 , Anhui)

Abstract ; As the key link in the workshop production, the efficiency of workshop production scheduling is
directly associated with the economic benefits of workshop production. The DCT workshop was selected as
the research object,and the research was conducted to analyze the influencing factors of workstation com-
petition in workshop production, with the CHAID decision tree algorithm adopted for data analysis. A deci-
sion tree analysis model for workstation competition was constructed ,and the decision rules for workstation
competition were obtained by using the decision tree algorithm,so that an optimization analysis of work-
shop production can be conducted. It has been confirmed that compared with the original strategy , the effi-
ciency of virtually all workstations in the production process has been improved under the new workshop
production scheduling strategy , and thus the efficiency of workshop production scheduling has been en-
hanced. This is of great significance for the improvement of decision-making in workshop production
scheduling and the promotion of the overall production efficiency of the workshop.

Key words : workstation competition ;factor selection; CHAID decision tree algorithm ; decision rules ; opti-

mization analysis
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Impact of Technological Tool Expansion on the Realization of Educational Value
in University Ideological and Political Education and Coping Strategies

LIANG Xiangfeng
(School of Marxism, Anhui University of Chinese Medicine , Hefei, 230012, Anhui)

Abstract ; With continuous technological innovation,the use of diverse technical tools has become essen-
tial for universities adapting to improve the effectiveness of ideological and political education. However,
excessive use of these tools may lead to a value imbalance. To address the triple challenges of the devalua-
tion of value,the weakening of subjectivity and the erosion of thought caused by the overexpansion of tech-
nology ,a “

system-technology-workforce-evaluation” integrated constraint mechanism was proposed in this

study , which will offer a systematic solution to balance technological application and the realization of edu-
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cational values in higher education’ s ideological and political work.
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Friction Force Measurement Experimental Platform Based on Industrial Robot
and Teaching Application

LUO Shaoxuan® ,QIAO Aimin
(School of Electronics and Electrical Engineering, Bengbu University , Bengbu,233030, Anhui)

Abstract ; Aiming at the experimental teaching deficiencies of core courses for robotics engineering,inclu-
ding Industrial robot system integration,robot sensing technology and electrical control and PLC applica-
tion, where existing experimental devices possessed only single functions and failed to connect knowledge
points among different courses, automatic friction measurement was adopted as the experimental scenario
by the teaching team. A friction measurement platform based on industrial robots was developed by in-
tegrating discrete hardware including a six-degree-of-freedom robot, a triaxial force sensor, a conveyor
belt,a signal transmitter and a PLC, and was matched with self-designed upper computer measurement
and control software. The sliding friction of different materials was accurately detected and the friction co-
efficients were calculated by the platform. Experimental schemes were designed, robot trajectories were
planned, and friction pairs were replaced independently by students to give full play to their subjective in-
itiative. Curriculum barriers were broken, multidisciplinary knowledge involving robots, sensing and elec-
trical control was integrated, and six innovative experimental projects were constructed by the teaching
team. Teaching practice verified that students’ learning enthusiasm was inspired, the functional defects
of traditional equipment were remedied ,the quality of experimental teaching was improved, and practical
references were provided for the upgrading and innovative development of similar robot experimental e-

quipment.
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Teaching Reform and Practical Exploration of AI-Empowered Enhancement of
Innovation and Entrepreneurship Abilities among Medical Students

ZHANG Hengguo
(College & Hospital of Stomatology , Anhui Medical University,Key Lab. of Oral Diseases Research of Anhui Province,
Hefei, 230032, Anhui)

Abstract : To address problems in innovation and entrepreneurship education in medical universities , such
as insufficient integration with professional education,limited depth of practical scenarios, and imprecise
evaluation support, a teaching reform model was constructed in this study characterized by “whole-process
integration , multi-module collaboration,,and Al-enabled precision support. ” Generative Al was integrated
throughout the entire process of pre-class guidance,in-class practice , post-class iteration,and achievement
incubation to support personalized learning, project design, proposal optimization,and diversified evalua-
tion. The results showed that Al-enabled teaching helped improve students’ learning initiative , innovative
thinking , project design ability, teamwork ability, and roadshow presentation skills, while promoting the
deep integration of medical professional education and innovation and entrepreneurship education. It pro-
vided practical reference for Al-assisted reform of innovation and entrepreneurship education and the cul-
tivation of innovation-oriented entrepreneurial talents in medical universities.

Key words: artificial intelligence, AT; college students’ innovation and entrepreneurship ; teaching reform

medical student;practical teaching
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