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Table 4 Edge stresses of different sizes of pavement slabs under load of A320 aircraft
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H%E/m A 1) 21 ENHEY] R ) i ENEEY) A 1w 1 ENHEY] A v 31 ENEEY) A 1w 1 ENHEY]
R J3/MPa I Jj/MPa i JJ/MPa i Jj/MPa [ Jj/MPa [ Jj/MPa Jif Jj/MPa [ Jj/MPa [ Jj/MPa [ Jj/MPa
4.5 1.819 2.121 2.756 3.324 2.835 3.425 2.790 3.367 2.858 3.455
5 1.829 2.093 3.026 3.290 3.126 3.390 3.069 3.333 3.156 3.420
5.5 1.839 2.115 3.263 3.539 3.382 3.658 3.314 3.590 3.417 3.693
6 1.837 2.081 3.451 3.695 3.586 3.830 3.509 3.753 3.626 3.870
6.5 1.842 2.105 3.605 3.868 3.753 4.016 3.669 3.932 3.797 4.060
7 1.847 2.106 3.722 3.981 3.879 4.138 3.79 4.049 3.926 4.185
7.5 1.852 2.092 3.805 4.045 3. 4.21 3.876 4.116 4.018 4.258
8 1.854 2.081 3.858 4.085 4.027 4.254 3.931 4.158 4.074 4.301
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Table 5 Edge stresses of different sizes of pavement slabs under load of B737-800 aircraft
Vi BE R JE 0°C /m FERRIE 52.3°C/m  JRJERSEE 56.7°C/m  JREEEL)E 54.2°C/m Vi R ) 58.0°C /m
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N J1/MPa [ J3/MPa L Jj/MPa J Jj/MPa L Jj/MPa L J3/MPa L Jj/MPa J Jj/MPa L Jj/MPa i Jj/MPa
4.5 2.388 3.462 3.325 4.665 3.404 4.766 3.359 4.708 3.427 4.796
5 2.404 3.432 3.601 4.629 3.701 4.729 3.644 4.672 3.731 4.759
5.5 2.436 3.507 3.860 4.931 3.979 5.050 3.911 4.982 4.014 5.085
6 2.428 3.464 4.042 5.078 4.177 5.213 4.10 5.136 4.217 5.253
6.5 2.431 3.448 4.194 5.211 4.342 5.359 4.258 5.275 4.386 5.403
7 2.434 3.441 4.309 5.316 4.466 5.473 4.377 5.384 4.513 5.520
7.5 2.437 3.457 4.390 5.410 4.555 5.575 4.461 5.481 4.603 5.623
8 2.436 3.441 4.440 5.445 4.609 5.614 4.513 5.518 4.656 5.661
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Table 6 Maximum tensile stress at the edge of

pavement slab

A320 B737-800
WIE/m ik AR R N TEY]
I 11/MPa N 11/MPa N 11/ MPa I 11/MPa

4.5 2.581 3.106 3.150 4.447
2.807 3.071 3.382 4.410

5.5 3.008 3.284 3.605 4.676
3.169 3.413 3.760 4.796

6.5 3.304 3.567 3.893 4.910
7 3.408 3.667 3.995 5.002
7.5 3.483 3.723 4.068 5.088
8 3.531 3.758 4.113 5.118
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Table 7 Maximum damage and its occurrence

position of different sizes of pavement slabs

B 5/ m IR L E/m i
4.5 4.5 0.035
5 5.0 0.018
5.5 5.5 0.015
6 0.0 0.013
6.5 2.9 0.019
7 2.9 0.026
7.5 2.9 0.033
8 2.9 0.037
4 # it

AR AT ABAQUS A R IT #1F 1k 47 K {465
L BFFE AT 1 AS TR 3R S B JEE AR AL AT 2, AT
ST 3 TR (9 I 73 7 A 55 745 iy 018 T8 4 1 4
T 4598

1) Bl o A R 38 K 38 o ) A 9 1 T, 3
T e DR L A JRE T 7 A 04 3 BE N T, 3 T AR
ROSF B it BE W 3 o5 A A T ) BE A A

2) TE AR R B R A R R TROBIL A K
SERVERT AR fe R B0 g n] e i 3l T e
ARG R, LT T T A Y T A2 A AR A
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Size of cement concrete pavement slab of airport runway

ZHANG Xianmin* , LI Mengxiao, CHEN Yu, LI Changhui, XU Boqing

(School of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Chinese airports usually use cement concrete road slabs with a slab width of no more than 5 m,
and existing airports in other countries use cement concrete slabs with a width more than 6 m. Small size ce-
ment concrete pavement slabs are more likely to suffer from disease than large size. In order to study the effect
of pavement slab size on pavement performance, a finite element model of pavement structure was established
based on the elastic layered theoretical system. By changing the size of the pavement slab, the stress changes
of the pavement slab under the combined action of aircraft load and temperature gradient are studied. The in-
ternal stress change of the slab is used to analyze the influence of the plane size of the pavement slab on the
service life of the pavement slab under the combined action of temperature gradient and aircraft load through an
example of real airport. The results show that the internal stress of the pavement slab is greatly affected by the
temperature gradient. Under the action of common aircraft load, more than 25% of the internal tensile stress of
the pavement slab in summer is caused by the temperature gradient load; under the same load, the damage of
different sizes of pavement slabs is different, and choosing the appropriate pavement size can significantly in-
crease the expected service life of the cement concrete pavement.

Keywords: pavement slab size; temperature gradient; critical load; cumulative damage; fatigue life
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Civil aircraft long touchdown exceedance detection
based on autoencoder and HMM
HUO Weigang" , LI Jilong, WANG Huifang

(School of Computer Science and Technology, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The existing flight operation quality assurance (FOQA) standard only uses the integral dis-
tance of the ground speed to define the long touchdown exceedance ( LTE) , which cannot detect and explain
the exceedance using multiple quick access recorder (QAR) parameters. The QAR samples with multiple pa-
rameters were segmented by the sliding window, and the segmented sample sets were generated according to
the segmentation position. The representation of the QAR sample segmentation and the vector within each QAR
segment was obtained by the long short-term memory ( LSTM) networks autoencoder, and the representation
vectors were clustered by K-means to realize the symbolization of the QAR samples and the QAR segments.
The hidden Markov model (HMM ) model was built by using the symbolic sequence of the QAR sample set of
the normal flights, which was used to detect the flights with the LTE. The second HMM model was constructed
from the symbolic sequences of the segment of the normal QAR samples and the QAR samples including the
LTE. Then the Viterbi algorithm was used to determine the specific positon of the LTE in the QAR sample
segment. Experimental results on real QAR data sets show that, compared with other multi-dimensional time
series anomaly detection methods, the proposed method can not only effectively detect the LTE, but also
obtain the outliers of multiple QAR parameters, which can assist domain experts to analyze the cause of the ex-
ceedance.

Keywords : anomaly detection; long touchdown exceedance (LTE) ; autoencoder; hidden Markov model
(HMM) ; quick access recorder ( QAR)
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Table 5 Mechanical properties of specimen

5DS1 under off-axial tension
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0
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618.9 0.847
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297.3 0.998
177.1 1.313
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Table 6 Mechanical properties of specimen

5DS2 under off-axial tension
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Fig.4 Tensile damage propagation process of specimen

5DS1 with 0.5% void content under 45° off-axial loading

45 A I i 2 TR 7 i
DL R 0 5 T B, BLPE SDST S
S 50 £8 T 2 7R R R 2 g
ORI Bl 2 T RO B RS Z R0 R
5 U6 A7 Bl 626 2 FE DT 05 A ik S 2 2
FEBTAI T B3

Pl 4 (a) B PE SDST sl 125 T K00 450 45
A B T B o AR B 0 1 2 5
B ELHL TR 4 5 A 6 3 T BP0 B i A B
(0 7 BT 0 5005 e B 30 90 A B
bR R A, [ 4(b) W B Z
D55 40 R T B 005 05 L L B 1 1 2
S8 AL B BRI B0 th 0 SR U R
i S SEA R o A6 4 () oPAT L B, B 1K
5 4 L B 5l 0 2 R 0 2 5 B 1 I I
B2 O ST B, WS 25 1 4 2 0l 1 2
52 54 AW HE A0 9 2 T A B 26 0 o A
PRI 5N 22 T8 5 11 2800 T B, 3 e i
IE 7 PRIV -8 2 B (8 B e e
S5 A5 9505 3

Bl 5 FLBR R 1. 5% B 5DS2 7 45 ° %
RO A2 T RO B S Z R0 0 %
SR 40 A R TR B, R SDS2 K
S T o e b 5 S il i 2

Wiz

6,=0.374 ¢,=0.574 ¢,=0.826
(a) Bllim b THE BT 545

COOCOOOOOOO00—
S—=LBEUNULONKOD
FBNIDRSHEINLD

=i
=
Kt
fan

1.00
092
083
075
0.67
0.58
0:50
042
033
025
017
908 ¢ =0400 =056 ¢,=0.826
(b) ZHERLPZI B3
iR
1.00
0.92
083
075
0.67
0.58
0:50
042
033
025
ol
0 & =0 £ =0. e =0.
- =0.686 - =0.800 - =0.826
(OF st

BlS  1.5% FLER AKX AF SDS2 45 fif 4 F2 A 458 115 5 & i 7

Fig.5 Tensile damage propagation process of specimen

5DS2 with 1.5% void content under 45° off-axial loading



576 b5 M = MK k% F M

-

T R 8§35 AR 2LD Z PB4 40 S AR5 45, il )
iR Z RS b i LR,
AT LR G Fn /b T RIBY A Z R i .
X E S A 4 n] RLR B, R 5DS2 A A4
5DS1 MR, #5475 foe b s B A Al 1) 20 o 0 T 2 )R
A RN IR A bR 2 B AT 3G, AN W 1)
FE MR LY e, 97 R B Rl . e
45 17t IR AE G AR b 5 il ) 2o b S sE b TR
T8 ) A AN AS W R A O AR o AR g
3t BAE 5l 1) 20 0 2t 2R 2 b 300 5 A AN T g b
PR HE A 5 AR X T b 1) 20 R e 2 2D, AR o 44
HE B A M, HLAE S 1 - 0o A il 2Rk B B R fE 2
BB Rl 18 R Bl i KA Z 5, 3
o7 BT 43 T A5 OB 45 388G i 1z g -1y A gl 2 3R
K MOREG KRB HE T o

5 &

1) ad a7 2 Fof i Y 2 2 A = 4k 1) 2 252
AR AR Y vh 5 A LB R B, e B 2 41
PR A L o T B L B R B I A T R, HL
T I 32 T DR /) 5 K i RS A A Ao R R A
FIASLLBRE T FEAR I, AEAS [ £L B 2536 35 4 o Aif
548 J3E Y S IR /N o

2) gk LB R B = A ) g 2 G b R
i b 37 e RSB A B, 254 0 Al 1y J3E 50/ IN IS X /0
G 2SR U T L 56 B2 R MR AR OR X R i 2 A K
RO TEIVES AL SN (ER R L T EaV R E W D)
7 2R 7 A M e i JEE IS B Al el A RE R K T
W/ o

3) XS 2 A 54 O A AT R G A
G AT S B, L -0 A I B e R AEL IS 1 I SRR
A8 i i il #40 E ) 6 DT HEno TR] —  h AR EETS
S 1) 20453 47 7 D07 g - oA il R 3k B e K fEL 2RI 45
547 e B 2% i AR 5 G AR 20 v 1 R A
AT 5 5 P A58 3 A O - A28 Y 24 18 391 i R AL 2 i
AR/ AR IR B B RAE A, 4000 2l e i

4) 5IAFLBL BB ) = 4k 0w g 2 G bR
ALA BROCEERL, BE 5 3R 15 5 SC 0 Al s W) &
F% TN 5 SR, EL T 45 64 D el i 28 75 X 48475 A
T EAT R4l A, B 52 48 2R T DL HoAth 2 &
ARk 24 L BT ke o ] 50 e i ey 28 A7 1) UKL 0 B
RM—EMNZ%

S 2 Hk (References)

(1] sk =ZE2 1 40 21U 6 MR E A1 0 ) 2 4k fiE
FROGWEFEL D] B A A S R K2 ,2013.

i g

[3]

[5]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

5 L
- T ; :
ZHANG C. Research on mdcro- -m icallproperties and

high velocity impact damage of 3D multi-directional braided
composites[ D ]. Nanjing: Nanjing University of Aeronautics and
Astronautics ,2013 (in Chinese) .

XU K,XU X W. Finite element analysis of mechanical proper-
ties of 3D five-directional braided composites [ J]. Materials
Science and Engineering: A ,2008 ,487(1-2) :499-509.
LIDS,LU Z X,CHEN L, et al. Microstructure and mechanical
properties of three-dimensional five-directional braided compos-
ites[ J]. International Journal of Solids and Structures,2009 ,46
(18-19) :3422-3432.

Hh/ANE  PhER R E6 L GF . =4k L S SV A B RN 95 1
OIHT BB TS IR )] A MR AER ,2012,29(6) :219-224.
HAN X J,SUN H Y,YAN G, et al. Numerical method for pro-
gressive damage analysis of 3D five-directional braided compos-
ites[ J]. Acta Materiae Compositae Sinica,2012,29 (6):219-
224 (in Chinese) .

ZHANG D T,SUN Y,WANG X M, et al. Meso-scale finite ele-
ment analyses of three-dimensional five-directional braided
composites subjected to uniaxial and biaxial loading[ J]. Jour-
nal of Reinforced Plastics and Composites, 2015, 34 (24 ) .
1989-2005.

HUANG T,GONG Y H. A multiscale analysis for predicting the
elastic properties of 3D woven composites containing void de-
fects[ J]. Composite Structures,2018,185:401-410.
MEHDIKHANI M, PETROV N A, STRAUMIT 1, et al. The
effect of voids on matrix cracking in composite laminates as re-
vealed by combined computations at the micro- and meso-scales
[J]. Composites Part A; Applied Science and Manufacturing,
2019,117:180-192.

LIU T,FAN W, WU X Y. Comparisons of influence of random
defects on the impact compressive behavior of three different
textile structural composites [ J ]. Materials & Design, 2019,
181.:108073.

XU K,QIAN X M. An FEM analysis with consideration of ran-
dom void defects for predicting the mechanical properties of 3D
braided composites[ J]. Advances in Materials Science and En-
gineering 2014 ,2014 :1-12.

DONG J W,HUO N F. A two-scale method for predicting the
mechanical properties of 3D braided composites with internal
defects[ J]. Composite Structures,2016,152.1-10.

GAO X H, YUAN L,FU Y T,et al. Prediction of mechanical
properties on 3D braided composites with void defects [ J].
Composites Part B Engineering,2020,197 :108164.

GE L,LT H M,LIU B S,et al. Multi-scale elastic property pre-
diction of 3D five-directional braided composites considering
pore defects[ J]. Composite Structures 2020 ,244 ;112287.

2P FF O A A T B ) PR R i 5 R A AT Sy B R AR
AR R ID]. 5t s e s E Mt K K 4% ,2018 :83-98.

NIU X M. Numerical simulation of tensile behavior of unidirec-
tional ceramic matrix composite under off-axial loading and its
application[ D ]. Nanjing : Nanjing University of Aeronautics and
Astronautics ,2018 :83-98 (in Chinese) .

W B B BRL R A i Bl 55 AR A UM E S LD ] B
R AS R K 2% ,2014:36-41.



—+= Jar A~ 7 1f7 = Yfy: V=AY D PNy :'hﬁ"""
W R Wt 45 i LB I = 4 1) 2 2R A A A ORH i Bl (o ) o e

4 577
YANG C. Research on fatigue life prediction of unidirectional (18] M, )5 T2%, B &, TR
composite[ D]. Nanjing: Nanjing University of Aeronautics and b B R P B B R ML [ D], 25 22 2, 2007,28 (4) .
Astronautics, 2014 ;3641 (in Chinese). 869-873.

[15] LU Z X,ZHOU Y,YANG Z Y ,et al. Multi-scale finite element LIZ P,LU Z X,FENG Z H, et al. Investigation of the tensile
analysis of 2. 5D woven fabric composites under on-axis and off- properties and failure mechanism of integrally-braided 5D car-
axis tension [ J ]. Computational Materials Science, 2013,79: bon/phenolic composites[ J]. Acta Aeronautica et Astronautica
485-494. Sinica,2007,28(4) :869-873 (in Chinese) .

[16] WANG L,ZHAO B, WU J Y, et al. Experimental and numerical [19] CHAMIS C C. Mechanics of composites materials: Past, present
investigation on mechanical behaviors of woven fabric compos- and future [ J]. Journal of Composites Technology and Re-
ites under off-axial loading [ J ]. International Journal of Me- search,1989,11(1) ;3-14.
chanical Sciences,2018 ,141.157-167. [20] HASHIN Z. Failure criteria for unidirectional fiber composites

[17] XIA Z H,ZHANG Y F,ELLYIN F. A unified periodical bound- [J7. Journal of Applied Mechanics,1980,47(2) :329-334.
ary conditions for representative volume elements of composites [21] MURAKAMI S. Mechanical modeling of material damage[ J].

and applications[ J ] . International Journal of Solids and Struc-

tures, 2003 ,40(8) :1907-1921.

Journal of Applied Mechanics,1988,55(2) :280-286.

Off-axis tensile mechanical properties of 3D five-directional
braided composites with void defects
YANG Zhixian, ZHANG Ming, LI Ang, ZHANG Chao”

(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In view of the important influence of void defects on the mechanical properties of materials,

the off-axis tensile mechanical properties of 3D five-directional braided composites with voids are studied by in-

troducing randomly distributed void defects into the meso-scale model of material. For two specimens with typi-

cal braided angles, the effect of void contents on the on-axis mechanical properties was discussed and the ap-

propriate void contents were determined by comparing with the available experimental data. Based on the peri-

odic boundary conditions, the off-axis load was applied to obtain the stress-strain curves of the material under

different off-axis angles and the strength properties were thus predicted. The meso-scale damage initiation and

evolution processes of the composites under typical off-axis angles were simulated and the failure mechanism

was analyzed in detail, which provides a proper reference for the numerical analysis of void defects and off-axis

loading problems of other composite structures.

Keywords: 3D five-directional ; braided composites; void defect; off-axial tensile; finite element analysis

Received: 2020-11-04; Accepted: 2021-04-02; Published online: 2021-04-28 08 .54

URL : kns. cnki. net/kems/detail/11.2625. V.20210427. 1655.002. html

Foundation items: Natural Science Foundation of Jiangsu Province ( BK20180855) ; Research Fund of State Key Laboratory of Mechanics and
Control of Mechanical Structures ( MCMS-E-0219Y01 )

# Corresponding author. E-mail: zhangchao@ ujs. edu. cn



2022 4F 4 H
F48 4 4]

tEMmMEMRXRKEER

Journal of Beijing University of Aeronautics and Astronautics

http: // bhxb. buaa. edu. cn
DOI. 10. 13700/j. bh. 1001-5965.2020. 0631

jbuaa@ buaa. edu. cn

P 4% B 1] $7K5Fﬁﬁ%tﬂ%"ﬂ7?$iﬁiﬁi£

PhE, RER,

(1. P EPABE A SIEBFFEIT, Jbat 1001905

HAEA, HBHEE, g

2. HAHBERREME L 5t RIZBE B, bt 100070)

i B WLAMEFAFATRACHAEA, RE -—FEREFI LHRNKE
%ﬂ,ﬁiﬁtiiﬁﬂié’vﬁﬁﬁ“%ﬂ%Jiiu\éﬁkﬁé%,}ﬂ?Ei*ﬂ%‘]ﬁ%#%%&ﬁ%ﬂéﬁk%?%ﬁm*ﬂ%J
Ko A EHREF MR T AR E WL 2 # F, A H Mask R-CNN xf F A X 3 # 7
B o B AR W R B RRE ERBTE L, 4 & K Z ARG B ok AT HAT
2D-3D B &, SEI YT BB E B s AR B AE e Bk b o AL BIAE AR B, B AR AR I R T %
E@?éﬁk%‘rﬁfﬂé’ﬁﬂ%bf%‘% SE 3o iE B - % 3 R %EEXﬁ&TM/E@%m&kiﬂz%/ﬂ‘lﬁﬁﬁ@*ﬂ%%

3 mm,

K B I PR T R AT o 5 AR I T

HERREEWNFARAT £,

TR LA HRTIDBRH , A RENEREZANT
ﬁ&&ﬁxﬁ(éﬁk%‘?ﬁfﬂé’ﬁﬂ%ﬁi ,
X & W AR %%EX; REF3; REMAN; B E

RESES: T24

X AR R A NERS:

i 4 L PR R L WL R RN 1/
2 000, g 7 38 5 2 Bk F I Y, M 5 5 e 3L b
AN FRAE W R H o AT, W H R AR AR
P $EA T U0 E) RN D ok 2k BT AR S H 9 .
BT ARG B4 LG 1 o, 6 R I
PR 55 FERAEACE#B 5 B8 T AR K i Bk ik, Hedh iy
HME 1 22— 78 T A £ X AS [R) 58 2 i e o
P dse /D i VI ENE R s 2 BEAR RGO . B R
B Xt p 4 LA R O it B s T L EE IR B L
RS f P A U R Sk R R i X 3 A
DL AR Sk SBOLSEHE TR, B RSO 5
Z RN A XS W) I AR TR R T
ARI7 ¥k BB o ST AR T7 2 0 e ™ 5 AR
P& A= 22 3 A KB, R T 78 R i A S L EUR
MFARPLEEF JA 1, SR B I 7 AR | X T
SBE AR B AR S5 ORI B R A X A
ARG BORA BRI A .

1001-5965 (2022 )04-0578-08

AN L B J7 ¥ A I AH O ST T2 1Y
IR jE,E\EJEﬁW 5 U A g ) A
Kleesiek 25 f ¥ B 2% o 1 A1 F w6 4% 4% 1%
( magnetic resonance imaging, MRI) %] /i Py i 983 15
37 R P R U R RO T
BHF I 2R 5 Chilamburthy 55 68 28 308 Y1l 25 9
TRBE“7 > J7 16 R R 4% AL A e ot s R
LR B M iR AL A CT S, ARG & T 1R
FHEE A TAERCR . bR Ty ik 32 BT X i 9 45
Py (U 23 ) RIS TR R RCR . H H
i AR N TR BB D7 1 I T T X ) A
o3 EN WIS, Ok W T 0B 1 DX S8 0 1 N LA
AEN I A 45 KR

AR N TR BE T gl A g B T AR5 %
R 7E FF R BT IR BE AR B TR OT SRR A
R BE 7 2 5 i TR T vt ek, 12
— &,

IS BB . 2020-11-12; £ A HHE: 2021-02-10; M4 H KR AT iE : 2021-03-30 11:09
M 4& H RR#b Ik . kns. enki. net/kems/detail /11.2625. V.20210329. 1516.001. html

BEEWAB: EREHELUAITR (2017YFE0121200)
= BIS1EE. E-mail; yangyu. luo@ ia. ac. cn

SIA%: FuT, RExE, WA, ¥ HEFHAFREAENE T FEMK T E] ] R TAEAKXA S

# 44,2022 ,48 (4): 578-

585. LUO Y Y, HE J B, XIE D S, et al. Skull cutting plan generation method in craniosynostosis surgery [J ]. Journal of Beijing
University of Aeronautics and Astronautics , 2022 , 48 (4 ) : 578- 585 (in Chinese ).


lenovo
新建图章

https://t.cnki.net/kcms/detail?v=GJPgI1LCBiGVDiKlzrdxRg7Xx0XC9BKdIt2jC5RKTAIldjp302EBJDBntFA0bPHbUTuJ7hCm7zIyzIKsbggVlDryG7aPPe7lEGXX7PwVNRxodxhvUQmCCw==&uniplatform=NZKPT

5 4 3]

BT P T SR O U e B >

1 E-F Mask R-CNN i & F REX

13, 43 &

1.1 Mask R-CNN 34 £ & 3%

Mask R-CNN"*"J& 24 §ij j] F 1% 2 % 51 52 41 4y
I SURESE  HH T R A A R Ah 2% T HE 1T
SEAR) 4 004 R, T R B AR L R 3D 4T B A
R T bRIC 09 U0 E0 T Z2 K i 2 R 43 S A T R ]
5y X, {13 3% F Mask R-CNN #E47 /i 1 3% 1 F R
DX 350 A 00 R ) B A S R A

Mask R-CNN #&{& 50 2 B Be: 55 1 B Bt
F A UM 22 W 2% (CNN) X 42 8] E 47 4 B4
VR A B i DX I 5 25 2 B BE DU &1 0 /i — Bir B AR
J P A 36 DX 35 HE A7 4 R 1 43 25 LA TR AE R mask
14 A B

55 1 By BE AT ResNet-1011° 44 ok JE itk 9 45
e S IR AR 4 TR R 45 (FPN) Ul A P14 1 A
J2FEAE N 5 J2 0 SCRRAE , 48 = 55 1 B I 4% 42 B
FRAE B 1 22 3K A8 J1, Z 5 R A DX 98 3k ) 4%
(RPN) "™ A g F itk — 25 43 26 [ IH 9 ROT™
552 BB 4 2 BEXTES 1 B BeAR BB Y ROT R 4T
A3 0 B AE J B & 0] 059 A1 mask {5 2 ) o 2%,
I 2t 1 FARY) R 2500 A0 [ETAE A8 A5 RN mask {4
EE3

Mask R-CNN fs FJ (%451 2% R &R
L=L,+L, +L,. (1)

R K A Mask R-CNN [ 3 A>3 32 41
B, — A3 A XS ROL il K+ 1 288
BAIBEEE p = {po,pys oo opict X DL A 2K R KR L,
0 A8 SR A5 2K ((cross-entropy loss ) , Rk
L, (p,u) ==1Inp, (2)
KoL, R84S ROT 43 2545 2% 5 p (i softmax
RS R w & — 4 ROI 2G| ground-truth
PR% o

Ty 43 S H TR0 A FEAE 4 O B i 1] OE (A
XoF 7 B 45 2R pRVERC L, R smooth Ly 52k (L (3) AN
K (4)), TR ROT I AE A A8 b i 7 1t 49 1]
AR 0" = (00,0, ,0,) Fm K 250 k X
(1) b BB 7 D A% 5 01 A (L, 60 BB AE (91 19 {5 1Y
ground-truth it} v,

Lo() = Y smooth, (£ —v)  (3)
i ity iwhl
A
0.5x° <1
smoothLl(x) = { N ] (4)
K-0.5 il

B — 0 Sk B> ROL B AR R 9 7

5 et )
R, L, N3 (H3E verage bi-
nary cross-entropy loss) L2kl
1 " .
L., = - Y [yny + (1 -y)In(1 -57)]
I<i,jsm
(5)

AL, o A ROT N BT A 5 3R A3 70 2K
PR 5y, AR K (i,)) FEXF B () ground-truth mask
AR 7 MR R (4,) FE Uy B2 2501 &
I B AR B mask YRR A, Y ETR R R T 5
WH O, BT EILH 1,

e K (recall) K5 & ( precision ) Fl A
25 B FE B2 {H ( mean average precision, mAP)
VEABERIVEAN FE R

TP
recall = TP + FN (6)
.. TP
precision = -~ (7)
A TP FN FIFP 43551 o B BH B B R BCBH (4 1%

1.2 BERFHERE

NP AFAE R IRGE BT, B /i 4k , i i&l 1 By
N AR ARGE JOREE (NP B X L AR A
o R T 553 B X3, L o A — i 4% 4 A
At e 51 S A L U Y KT X R RUR
ARGER P AU AR S 7 P B o o L o R IR 4 L 4] 8
LU R 25 8 BUAT S B A SRR T R A
DAL RE B R DL PR 25 3R B D R SN R I
Xt £ L AP U e TR WA AR K

T4 JFK
SoRGE
ke HITIX|

K1 2L R

Fig.1 Schematic diagram of infant cranial suture

BEUR 2 A 3 18 S8 A Bicdle A v e 4% 20 o] i
B B4 D F A 05 A, h T 18E R R R P
AR AEUUL 13 T0E R IR D7 5 7 25
3D-Slicer BT HEHE % IR BB BERL, O £F A 12
AR AL R AR T X JEE 4R s AR TE RS, R
Al B A B R R g T AT 0 P



-

550 TN MR K % R B
| 1] Al
T, T2 78 3T B i 154 Y I ol 93 R B AR 7 3D it =
s . — ™ "
WA AR T B SRR 3D A S ok
BBURME AR IR R, it Dol o
lzl 2 F)f/j—;\‘o E__\_ 0.04 , , ‘ , I I - I ahe ‘:~‘~ ‘V/:»J\r‘ W
0 20 40 60 80 100 120 140 160 180 200
YA REA R

B2 B A bR T
Fig.2 Cutting plan marked by doctor

il W) — & R B A AL T R 4E i B 3D 4T
ENRE B 2D AL HFI 3D Sz, Horp 2D BI{g 1 %
AL 3D 5 T e W E £ W
2D-3D WS o ff i R B AR LR 4 20 41 /5B
3D FTENEERITE A [/ AL Af T (19 500 5K & R AE 4 1l
R4 S A B 50 5K 1B AE R B0 i 4R (3SR AR
Ze A AL R AE S s s B iE ) L B R RSP 30
640 x 480,

FEA & R R B 58 UG 1 Labelme R £ 47
N THREE, BRAT 55 8 1B 7 A v 0 1) 2 3008 IX 3800t
VL ) IR B T B Al 5 22 30 T8 IX 30 AL T A, 2D Ak A
i) json XA T Z J5 Il 45 o
1.3 R&E%

BEXT I Gt B b I GRAE AR 5 R A2 Y ]
fifi 2 3k COCO H i 48 TN Sk i) A5 78 2 501 A Bl
PUIEAE R U 2R 900 46 288, TR I AT e 382 5
S RCHR 1 5 T B, A R AR TR AR B o A R I
SRR

BEING SN i AB R R 640 x
4805 G I ZR%E B Ry 200 ;5 548 I 25 19 25 5k 5005
HERSF R 152720 3805 0.000 15 1125 s 0 48 A Ay 36
WESE AP R pR L L, 5 SV ZR2540CR 100 000,

&l 3 FE 4 53 R T U had 72 b I 25 46 A
S uEgE AR R L R L, R 2K

&K
=

i
g2

S O0O
RO
TTT

B
T
N

.1
.08F
.06F
.0

0.02 1 1 1 1 1 ) 1 »;,.J‘,‘,;« Miairha
0 20 40 60 80 100 120 140 160 180 200

Lsallie SES ey
K3 INgrid Bl gRdk i Lo £k

Fig.3 L curve of training dataset during training

PO

K4 U B rhRarsE L L, i

Fig.4 L, .. curve of validation dataset during training
1.4 SLIRHER

PR 3D AR F U0 B bR T e R R
A 5E I, BT A 25 A [R] — SE B0 R85 T S8 1

2% 1 ~ Lk ResNet-101 /E & backbone [ 5 Y
PEBE. TTLIE H, L ResNet-101 £ 4 backbone [
BT AE 2 A Fa s BRI R .

Bl S FHIEL 6 R 1R RLTE AN [A) 40 A A B 2%
PET X 3D FTE i B AT 52 B o FI R 25 28 . 0
e BP0 — LG IR e 3 SR [ H B DR I A o
WK T frmy s, JE IR 2 H H bR & & A 8OR
Ti@ e | B AU A SR B A8 K5 A I 40 1

x1 HEBE

Table 1 Model precision
T backbone KE/%  HFR/% mAP/%
Mask R-CNN ResNet-101 84.44 58.25 99.68

(a) 7351 H bR mask(£1 (3 X 1K)
Bl S Sl ARG 1L 1A P ) 1 45

Fig.5 Skull segmentation result for coronary craniosynostosis

(b) mask Jx % 14]

Lo -

(a) 43509 H prmask (2L {4 X 45%) (b) mask Jx Ji ]
B 6 AR EE 5P R oy E 2

Fig. 6  Skull segmentation result for sagittal craniosynostosis

-

(a) 4310 H brmask(£1 ¢4 [X 358) (b) mask Jx J# 4]
B 7 AR DL T MR 4 2R

Fig.7 Skull segmentation result under deformity circumstance




5 4 3]

BT A IR PR TR SR U O 56 A 5

N\ —

ZJe a1 B 30, mT LU 22 8 Y
IG5 K3l Ak 22 DA AR TR P i o

2 RERREN

2.1 HEREREZE

T PR A B A0, 2 4 AT 8 A0 5 19 H A
R S PR IEAT AE AR AL B, A
ARG R SR A AL R K {ELE O, T I
S AR R K B (R L R R B AR B 22 53 8 4
B 73 R AN TR BR 2 DX, AN T 53 DX 70 524 BRI A e G

P15 ) 4 BB A s b SCINR < 6 K fE
N UBERER (L)) AR S - (4 - ) BN
FEAR R R (v, y) R IEAE D O, WA & (i, j) 2t
R . Hoh i RRRESPTEAT S RR
BT o T)— AT L A R A e MRS A A % A A2
DR

MR FHEREACGL -1 KBS 0,
B RCL)) BORBEM A 1, R R A (i) e B
1 ZE 0 A

MR 2 ABRRA (L) KA 1, iR
FrLGLj+ 1) IKBEAE 9 0, R R A5 (i, )) ke
JER B A 2 1T

PR AR ME— R SN FE B, LA, 18] 8 TR J7
LT LIS EI H b D8R AR, DYkl RUXE R 5
LA AL, RIS B SE P IR INT

FB|1 MNAHIRER 7 b AR R i I 2 3
AN 2R B 2 R 1 AR B S %
TR B AL S R K BE(EH N 255,

FB2 S TFIR I A R R, A G TR
AL R JE R S UDH 2RI b 1C O
C,JKEEE ]y 255,

FIR3 AR AR EF AR AL
PRI 2,8 M ETR R AL N IZAT R A S E L JFE
JRIEAE 255

FB4 T A7 WA 5T U A
ROUEZDHE L~ PR3 HERAEEES T M
BE S

(a) HArmask(ZL (X I5%)
& 8 g R A 5L PAT 1 Ab 40 T 4 IO T B I 2 R

Fig.8 Extraction result of simplified contour extraction

(b) HFrmask i &

algorithm for coronary craniosynostosis

22 gmAmER 5 DU |

HAEXTE 5 FE 6 BT s ) B Ax mask JK 4]
HEAT TAE A AL B, AR 05 b A 1R Ak A R R AR
AT H AR X804S BRI

8 FIE 9 A a7 fb 48 B $2 BB 2 1 25 L,
1020 8 ] OpenCV 48 57 £ SR 125 %) 2% AR 4% L
PIFARUIE 7 RS R, Al LVE I, 7E A A
PRIE R V) E 7 Z BN 0L T, & Mask R-CNN
254 T A B R0 B ISR T T DA A ARk G R T
E7/ A= Ry I =

B UE b A 1R Ak 8 B SR B L AR, DL VS
Code fE N T & F &, fE T & & Intel i7 9700K
3.6 GHz 8 #% CPU,8 GB 17,12 GB J & iy HL 28
X RSE S 640 x 480 1) G A8 T - 3 i) 4k %6 B
PR o A 11 R, Ak IS B e JE 4R IR
5 R MRS 5 A0 E L 5 R B K 46 9 50% L) 1
AL EIHE b7 H /DT 8% s 0L T, Sk OR $2 7t
80% L) I,

o)

(a) H brimask( (21X 3K) (b) HipmaskJ
PO IR G A 17 A %0 8 H2 Tk 4R T 4 2R
Fig.9 Extraction result of simplified contour extraction

algorithm for sagittal craniosynostosis

Lo |

(a) Hbrmask(ZL {4 X 45k) (b) Hhrmask i £ &
B 10 RAREE R 1] OpenCV 4% BE £ USR5 $2 U 25

Fig. 10  Extraction result of OpenCV contour extraction

algorithm for sagittal craniosynostosis

100
80—\'—\_N—\
60

40

LES SN

20

[ m— e s 1 L L 1 L L
D LR ST TE, @ AR PO
57 07AT GER O D N GCRPCIAY

mask s [EIAE & J5 & L/ %
B 11 4 J R O 1k T R Wi S A R T L
Fig. 11

Efficiency comparison between original and

simplified contour extraction algorithm



582 b5 M = MK k% F M

2022 4

3 YIEIEE 3D B ET

3.1 FERZAIRE

2R 1 9 TR 2 ) D7 vk A 2 1 TR AL 48
PR E T LASRAS 2D R B Ry UIE T AR R Ak
b, 7SS EITT R 3D B A, i T BRI
FN Ty AL A XL 3D As bR, TEHT A
R HLR LI ZRAE A 2D BRI, B 2R 4E
T 3D ATENRE B s 25 R . SRR =15 B
ML BRANE

PR AL IE TR, B RUE ALY
#F 75 e ( scale-invariant feature transform, SIFT) "’
VE A e A A 3R 1R R AT 26 0 AHAIL IR ORT L A Ay DT
e, i F s 3D 3T B[R R T A G, Bk = 4L
B ASH TR A B0 ARG AT DS IE , 7E TR BEAHAL R 58
Hh i 3 gl A SR A5 AR 6 Y T ik 1 3 B 80,
HE— 2 W 7 A LR RRAE R DS 45 R

P2 MEIE., BEMIIERGEET
INLBAR I, R ZE A R R 22 07 3 T =0
JEAR LR 30 S TR RO ] 12 B o

12 B AR L B 1
Fig. 12 Simplified model of depth camera vision

MaWEHE AN
X =b(U, -U,)/d (8)
Y = b(V, - V,)/d (9)
Z = bf/d (10)

A X Ot FEAR AR i P AR ZE AR BL AR B 2R A9 6
MEARAEL; Y O ISR AR AR 5 P AE ZE AL AR B R T 1Y
GNALRE 3 Z St AR AR A P AEZE R BLAR AR R R
MIRIEAE ;s (UL, V) R sl P AEZE R LA AR R R
AR R AR, (U, Vi) 3278 5P A A AR BIL A
2N BB S AR, 3 X R R (Uy, V) R
ZE BB ARG AR ZEARHL AR AR R T B9 AR AR 5 d g A
P AEZE A ARBLAR R R R M NS RIR R 22 57 (U, -
Up) Y XTEL; b R HE K 5 f OB R R AL 1A
PLEEHEAH .

F®I AN BN EMILRERIE,

i
T 2D [ R 1 7 A 1R R 1k 2 3D
AR, 7 I BT 1A A 3D 4T EDRR 2

3.2 2D-3D &fRALET

BT 5= 5, i 2D-3D fl A A e 58
ALK F3AR 2D G E 908 0 (5 S i S 2
oz b F R BE AR BIL 2R B ) S AR 08 3R 4 TR) B
R 2D EMG R 5% 3D {5 B, ok A% e i, wf
DLARAS T OUE R o

2D-3D (A bR IR 4 LR IR

BB X AR E B 2D EHRE T
JE 2% 20 7 1 R T Ak % D B R L AR AR i 8
&1 O JIT 73S 11 6 JBR 4 B 45

BW2 XEEENNE-BRER (U,V,)H
FH 3.1 1 0 7 36 AR A5 JL X R 3D AR AR (X, Y,
Z.)  JFHE RN s s AR R B RGB FRic 2 F1 €8 (255,
255,255) , [Al i XF U0 BB AR R A AR (UL, V) X
SR (X, Y., Z,) ) RGB Frid A 41 (255,
0,0) , & Jbfa n] LASCBLAR AR AY 2D-3D BtbT .

Jeb AR B L PR P DR O 28 A bR 2D-3D B St
ERANE 13 FroR, % R AE LU U D ED O 28 AR AR
2D-3D WG 45 R A A 14 R .

Shy 6 UE TR BE AE AL KBS = ORS00 o
Z J5 T iR e AL R 25 VR R PE MY 4R ARl A B
PR B AR MY TR AT 322 a5 25 R B VR R B AT A

B 13 Sk aE B TR 5 G260 2D-3D WA R
Fig. 13 2D-3D mapping result of coronary

craniosynostosis surgery plan

Bl 14 JOREE R A TR Jr £ 19 2D-3D Bt AR
Fig. 14  2D-3D mapping result of sagittal

craniosynostosis surgery plan



o 41 BT, 4 e 5 TR A sE U0 E) O %A RO
v It
ST EHITE | m G N Z AR RFCEBER T, i 'R'

AR 3 mm, fF 5 SRR ER

4 ks Bl AT E L Y1 BT & R

ST DL BB $R O A R A R TR
7 SEAEAR I AR AR 4 L P TR T AR, AR
J2E P 491 35 2 R 1S B O B T b R R R e
TR AE NBRAT o 051 Bk 32k 1y FL AT A 1 Al 7Y 58
o FLrp o ARG L PR AR RS 91 40 3% 8 3 A8 3
(B 1E) , Hilk 6 A3 30 A X204, AR 6
F F B R TR AT P 15 9T 73 5 ek A 4 A PR A AR o1
& 8 ALBFH AR (2 2 Tk, 6 A k) , ik H 3
14 F ¥5) o3 A, AL 1P i B A B A 4] 16 Jr 7

1S bR g B PR RS A s )5 S R
Fig. 15 Skull appearance of sagittal

craniosynostosis template case

Pl 16 e bR 4 PR RS A G )5 R S
Fig. 16 ~ Skull appearance of coronary

craniosynostosis template case

WRAE 3R A A T R 5 BB AR PR 76 X8 I ik
5 B AT F AR 5 BT, SR B3 T A o
(49 75 s AR R D 4t 4755 A Al 2 s 491 ] 7 A 4B
JEE, T S o T R 2 BN AL R e o K G
A5 22 S5/ N A B AR 51 36F 102 1) T A S8 1A R
D9 191 08 F- R O S 1 H S0, I R TR AR DC i
18 7 1 R A I 3 481 ) T AR DD 7 R

BRI 3 ] Y HL AR AR AR

1) I 3295 491 J5 4 i CT %540 =5 4 3D
LY, AR A I 3 55 451 F B AL AR Pl AR 2 B o
T AR 530 I 3 9 18] 1 B S R P55 A R R
AT — A M 191 B A R P G R 22 K, FE 15 3]
38 7] 55 780 5 A A g 18] A5 TR 2 (] 1) E A i I

2) K P A T 9 R 22 R AT P HE S o
MELR 22 f /N B AR S 2= P, AR D 3 1) 3 K O
ES Qi Y

3) A P, A5 0 1] 5 AR P[] Y i
R R MFRERERE T, KB s = P, BRI
ﬁéﬁ%%ﬁﬁﬁﬁﬁ"@ﬁJﬁqf 3D A dy C AT AR R,

et 2 X5 9] P AL PO O B B 7 98 A AR
C'=R,C, +T,, WY Py M ] L i A 11
T7 S AR B AR ) R P A RS
DRI ERZIE DS

H T ﬁﬁﬁifﬂﬁﬁﬁ’* P 5 e 38 7E W) B AU
BlfsE P, Z AT 7 40 22 1, R T B3R J7 ik
2B A I K B R V) T SR Ak bR € RE
B B 2 o N iR R — R, X g
A AR I (51070 300 5 5 A s 2 A 9 A T 1 1
B 2 T AT P W SR, RAR RN

1) AT — W0 309 1 ) 30 07 58 Ak s €7, 3t g i
W B E PORITA AL IR R S A R 2
1] Ay DR R B

2) BRI 9] = P kS CER R
B B/ N AR R SEBRO)B 7 S AR AR I HEORT €T

P17 S O R S 5 P 30 015 s (AL
P b 2 DX I0) 5 DG R R e e O A AR B AL
(L Vel R 208 XS ) 22 M) £ P o 35 2R, 6F e 4
JI A6 O A X (11 42 23 ] B B R 22 /N F 1.8 mm

P18 Sy S RS B DA 0 3 1) e T AR I IE T 3%
iﬁkﬂ’]@*]ﬁm,Aﬁfﬂfléﬁjﬂﬁﬂﬁ%ﬂﬂ R o
P 19 Sy ek AR 5% - 1T I 3 51t o 2 (L P

(c) Bl A AL
P17 bR B A s 4050 o 5 AR
Fl B 2 B S SR

Fig. 17 Registration result of skull point cloud of sagittal

(d) BeiEA LA

craniosynostosis testing case with that of templates



-

584 b B = R KR
@ X ) 5 D8 BC AR BE e e B AR O R (LT
2T X I0) 22 T Y TR A 5 2R, 6 Mé%ﬂfjﬁﬁﬁ

Xt N7 S B2 2 A BR B iR 22/ F 1.3 mm,,

(a) WA i DIy 58 (b) FARZE R AN TR )y 58
18 JR R 2% B P 4 191) e 7 A6 A D E A Y
BRI S
Fig. 18 Preliminary cutting plan of sagittal craniosynostosis

testing case based on template matching

(a) LRI (b) fFpLIE
(c) ZEHLIA (d) HHLIE

PR 19 g bR 4 S P s 1) P R S AR
PR 2 TS
Fig. 19  Registration result of skull point cloud of coronary

craniosynostosis testing case with that of templates

(2) BEAR BRI ) 28
20 PR A B P 3 191 e TSR D TS A Y
B IR ES

Fig.20 Preliminary cutting plan of coronary craniosynostosis

(b) FELARAE PP L (i Tk 5 58

testing case based on template matching

ﬁﬁ%%ﬁﬂ%ﬁﬁﬁﬁiﬁ&ﬁﬁ#&i&m
P11 J7 2 Ho AT g B A

5 & #

ARSCHE M T — PR A 2 S5 G A B 7
% SEBT PTG VIE L A SR
i AT 1 A ORE A D) R U3, o3 Al A T A X
SR GE DA A e R 4 DA 1 AR DR 7 B AL
A o 33T B HE B AR S BURE AR T AR 7 S 1
I, e 1] Rk A SR PR TR T 5

ARSI LSBT B TR VIR D7 S8 B R
TWAC RIS EAL , [F) i 246 2 1 AR R 5 58 BT i [a] A
AR AR [H]

J SR BIE U e 5 TS AR 2R 1 R A o
DA AR T B A4 D) 80 B , 9 Bl i 40 i ]
TR

S #k (References)

(1] DR, £R, R T8, . 2 K 1548 7 7] A9 5
BT S A RIS BL 2., 2002, 13

(4) :180-183.

SHEN W M,WANG G,WU Y X,et al. Plastic skull for cranio-
synostosis: A report of 6 cases[ J]. Journal of Practical Aesthet-
ic and Plastic Surgery,2002,13(4) :180-183 (in Chinese).

[ 2] Wz, kA, e KM A B PADE IRy [T]. Paep
Be s Sh Rl 5 ,1995,11(6) :406-411.

FENG S Z,ZHANG D S. Surgical treatment of craniosynostosis
[J]. Chinese Journal of Plastic Surgery,1995,11(6) :406-411
(in Chinese) .

[ 3] KLEESIEK J,URBAN G,HUBERT A, et al. Deep MRI brain
extraction; A 3D convolutional neural network for skull strip-
ping[ J]. Neurolmage 2016 ,129 :460-469.

[ 4] CHILAMKURTHY S, GHOSH R, TANAMALA S, et al. Deep
learning algorithms for detection of critical findings in head CT
scans: A retrospective study[ J]. Lancet,2018,392 (10162) .
2388-2396.

[ 5] HE K,GKIOXARI G,DOLLAR P, et al. Mask R-CNN[ C] //
Proceedings of the IEEE International Conference on Computer
Vision. Piscataway : IEEE Press,2017:2961-2969.

[ 6] HE K,ZHANG X Y,REN S Q, et al. Deep residual learning for
image recognition| C] // Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Piscataway: [EEE
Press,2016:770-778.

[ 7] LINTY,DOLLAR P,GIRSHICK R, et al. Feature pyramid net-
works for object detection[ C] // Proceedings of the IEEE Con-
ference on Computer Vision and Pattern Recognition. Piscat-
away : IEEE Press,2017.936-944.

[ 8 ] REN S,HE K M, GIRSHICKR R, et al. Faster R-CNN: To-
wards real-time object detection with region proposal networks
[ 1]. IEEE Transactions on Pattern Analysis and Machine Intel-
ligence ,2017,39(6) :1137-1149.



;Ik‘f%-"‘}ﬁ 585

%4 W BT, 5 oA R TR P e U O 5 A B —

[ 9 ] GIRSHICK R. Fast R-CNN[ C] // Proceedings of the IEEE In- [13] LOWE D G. Distinctive imkmﬁ—invariam key-
ternational Conference on Computer Vision. Piscataway ; IEEE points[ J]. International Journal of Computer Vision,2004 60
Press,2015 ;14401448 (2):91-110.

[10] ROSENFELD A, KAK A C. Digital picture processing[ M ]. [14] MARR D,POGGIO T. A computational theory of human stereo
New York ; Academic Press,1976;113-116. vision[ J ]. Proceedings of the Royal Society of London, 1991,

[11] ROSENFELD A. Connectivity in digital pictures[ J]. Journal of 204(1156) :301-328.
the ACM,1970,17(1) :146-160. [15] HEIKO H. Stereo processing by semi-global matching and mu-

[12] SUZUKI S,BE K. Topological structural analysis of digitized bi- tual information [ J]. IEEE Transactions on Pattern Analysis
nary images by border following[ J]. Computer Vision Graphics and Machine Intelligenc,2008 ,30(2) :328-341.

and Image Processing,1985,30(1) :32-46.

Skull cutting plan generation method in craniosynostosis surgery
LUO Yangyu" ", HE Jiabin', XIE Dongsheng', LU Shenyu', GONG Jian®

(1. Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China;
2. Beijing Tiantan Hospital, Capital Medical University, Beijing 100070, China)

Abstract: To standardize the plan generation of craniosynostosis surgery, we propose a skull cutting traj-
ectory generation method which combines deep learning, stereo vision and point cloud processing technology to
establish cutting plan template library and generate cutting trajectory for new cases. The proposed method, for
the first time,uses the deep learning to segment the external surface of skull. First, it takes the advantage of
Mask R-CNN to detect and segment the surgical cutting area. Then, a simplified contour extraction algorithm
is explored to extract the surgical cutting trajectory. After that,the point cloud processing technology is used to
map the surgical cutting trajectory to three-dimensional coordinates and realize the automatic extraction of cut-
ting trajectory. Finally,a template library with typical cases is established and the cutting plans of new cases
are automatically generated by template matching method. The experiment shows that the proposed trajectory
extraction method can detect the skull surgical cutting trajectory accurately and efficiently and conduct three-
dimensional mapping of trajectory coordinate. The depth measurement error of point cloud is less than 3 mm,
which meets the clinical available standard. Using the template matching method ,the new case’s cutting traj-
ectory can be generated effectively, which conforms to surgical plan of senior doctors.

Keywords: craniosynostosis; trajectory extraction; deep learning; depth camera; point cloud processing
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Fig.1 Framework of UAV-vision-based moving target tracking scheme in electric scenario
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Table 1 Statistical results of average pixel error

FETy—
’ Ik Jrik 2 KX
1 20.03 13.61 2.37
2 2.64 2.66 2.37
3 2.50 2.50 2.37
4 2.41 2.31 2.37
5 2.35 2.56 2.37
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Table 2 Statistical results of average overlap rate

T AR
‘ Jrk 1 Jrik 2 I
1 0.39 0.50 0.67
2 0.65 0.65 0.67
3 0.66 0.64 0.67
4 0.67 0.67 0.67
5 0.68 0.64 0.67

R3 EHEBRXRESGIT

Table 3 Statistics of average restart times

T K
‘ k2 3 ik
1 55.00 36.70
2 48.70 36.70
3 50.10 36.70
4 48.20 36.70
5 46.20 36.70
£4 THESERMMGET

Table 4 Statistics of the number of average

consecutive tracking frames

- 28 3% 42 30 B AR
w
Hik2 K
1 38.20 41.00
2 35.50 41.00
3 33.90 41.00
4 35.30 41.00
5 36.90 41.00
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UAV-vision-based moving target tracking scheme in electric scenario
FENG Xue, DU Mengjun* , XIANG Xinyu, QIAN Jin, ZHANG Min

(Hangzhou Power Supply Company of Zhejiang Power Co. Ltd. of State Grid Corporation of China, Hangzhou 310000, China)

Abstract: With the rapid development of artificial intelligence technology, the moving target tracking
technology for the power system has gradually attracted researchers’ attention. Although the existing methods
have achieved great success, most of them are based on the fixed camera surveillance video recording, which
cannot track the moving target flexibly. When the moving object leaves the camera’s field of view, there is a
problem of losing the moving object. In light of this, we propose a moving target tracking scheme based on
UAV vision (MTTS_UAV) in electric scenario. In particular, to ensure the real-time feature, we combine the
improved target tracking algorithm and target detection algorithm to track the hidden dangers. To ensure the
accuracy, we introduce two UAV flight control modules: heuristic mode and data-driven mode, so that the
UAV’ s flight speed and direction can be adjusted adaptively according to the target movement. Extensive ex-
periments have been conducted on a real-world dataset of hardhat personnel in real substations, which demon-
strate that the average pixel error (APE) and average overlap rate (AOR) are 2.37 and 0. 67 respectively and
verify the effectiveness of the proposed method.
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600 b5 M = MK k% F M

AT R

2022 4

RLAF, WEAS A7 75 W] A A Bk B, o BEA 22 RO
B, X REAS T8 70 UL W I 3% A2 A BT i AT AR 1Y
LRESE I , BE B AR 1 b R JiE 22 o Bl il o+
4% B

-

1) 7 7 ity ity 32 5 a6 ik 22 R R 2 )
F 6 R o 3 3 s R A% Sk R T 6 A ) 1 9
HIES SN IEINCNIE: V€3 ¢ Sy -F 31}
iy 2515 B0 22 A4 ) [ R, 58 1 DL T B0 I 22 B
4R T il JC o TR R AT 40 X, A RO E TR BORR

2) FESL TR I 2 R T A T e e 2 R
A AR 118 R TS S R T ) AR A T L R A A U D
Bl S A2 7 1) s 22 R 75 A L[] I il 2 ) 1)
R, ARAG [ sl FE T 1) e 2 0 S 2 AR 2 B 1
RCEEAE

3) HT CATIA P B IR K T BEAR KL 3R AR
e, BEME AR 1 BB 29 0 8 3 AE Rl T b A I B
2, T 2K LA A MRV B Bl
R

S Z 3 #k (References)

[ 1] BEAKOU A,CANO M,LE J B,et al. Modelling slit tape buck-
ling during automated prepreg manufacturing: A local approach
[J]. Composite Structures,2011,93(10) :2628-2635.

[ 2] DEBOUT P,CHANAL H,DUC E. Tool path smoothing of a re-
dundant machine: Application to automated fiber placement
[1]. Computer Aided Design,2011,43:122-132.

[3] DIRKHJ A L,WARD C,POTTER K D. The engincering as-
pects of automated prepreg layup: History, present and future
[J]. Composites Part B:Engineering,2012,43(3) :997-1009.

[ 4] LAND I B. Design and manufacture of advanced composite air-
craft structures using automated tow placement [ D ]. Cam-
bridge : Massachusetts Institute of Technology,1996.

[ 5] WANG X,ZHANG W,ZHANG L. Intersection of a ruled sur-
face with a free-form surface[ J]. Numerical Algorithms,2007,
46 (1) :85-100.

[ 6] HAN Z,FU Q,FAN Y,et al. A path planning algorithm of

(9]

[10]

[11]

[12]

[13]

[14]

[16]

y[% n T
closed surface for fiber plaw@ﬁngs of the st

International Conference on Mechanical Engineering and Mate-
rial Science. Paris; Atlantis Press,2012.:475-479.
PEI J,WANG X,PEI J, et al. Path planning based on ply orien-

tation information for automatic fiber placement on mesh surface
[J]. Applied Composite Materials,2018,25(6) :1477-1490.
BLOM A W,SETOODEH S,HOL J M A M, et al. Design of
variable-stiffness conical shells for maximum fundamental
eigenfrequency [ J ]. Computers & Structures, 2008,86 (9) :
870-878.

BLOM A W, TATTING B F,HOL J M A M, et al. Fiber path
definitions for elastically tailored conical shells[ J]. Composites
Part B:Engineering,2009,40(1) .77-84.

GURDAL Z,TATTING B F,WU C K. Variable stiffness com-
posite panels: Effects of stiffness variation on the in-plane and
buckling response[ J]. Composites Part A :Applied Science and
Manufacturing,2008,39(5) :911-922.

HYER M W, CHARETTE R F. Use of curvilinear fiber format
in composite structure design[ J]. ATAA Journal,1991,29(6) :
1011-1015.

ROUSSEAU G, WEHBE R, HALBRITTER J, et al. Automated
fiber placement path planning: A state-of-the-art review [ J].
Computer-Aided Design & Applications,2019,16(2) :172-203.
SCHUELER K, MILLER J, HALE R. Approximate geometric
methods in application to the modeling of fiber placed composite
structures[ J . Journal of Computing and Information Science in
Engineering ,2004 ,4 (3) :251-256.

SHIRINZADEH B, CASSIDY G,OETOMO D, et al. Trajectory
generation for open-contoured structures in robotic fibre place-
ment [ J ]. Robotics and Computer-Integrated Manufacturing,
2007,23(4) :380-394.

LOPES C S, GURDAL Z, CAMANHO P P. Variable-stiffness
composite panels: Buckling and first-ply failure improvements
over straight-fibre laminates [ J ].
2008,86(9) :897-907.

A B B . AR Mooney-Rivlin 5850 b4 R £
B [J]. e AR R ] A 2004 (4) :8-10.

WANG W, DENG T,ZHAO S G. Determination for material

Computers & Structures,

constants of rubber Mooney-Rivlin model [ J]. Special Purpose

Rubber Products,2004 (4 ) :8-10(in Chinese) .



= 2
5 4 3] 222 A S i T S B AR B jhﬁ'%—‘}ﬁ 601

[ T |

Automatic paving path planning method on complex surfaces

ZHAO An’ an'?, HE Daliang’, WANG Han’, GUO Jungang” * , KE Yinglin®

(1. Polytechnic Institute, Zhejiang University, Hangzhou 310058, China; 2. Avic Aircraft Co. , Ltd. , Xi” an 710089, China;
3. School of Mechanical Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: Automated fiber placement is an advanced automatic manufacturing technology for composite
materials, which is widely used in manufacturing composite components with complex shapes. However, the
compaction quality of the fiber in the area of large curvature is poor. In addition, it is difficult to satisfy the di-
rectional deviation and the turning radius of the placement path at the same time, resulting in various place-
ment defects. In this paper, the influence of surface curvature on path performance is studied and a new path
planning method for complex surfaces with area partition is established. The distance between roller and the
mold surface is used to estimate the fiber compaction quality and the fiber number placed simultaneously can
be calculated by the surface curvature. The local direction deviation and steering radius are evaluated during
the path generation process, and a new sector is partitioned when the evaluation results are out of constraints.
The method fully considers the influence of compaction quality, direction deviation and turning radius on pav-
ing path, so that the placement quality and efficiency of the entire curved surface can be ensured. Simulations
and experiments are completed on the winglet surface to verify the path planning method, and the results show
that, by the proposed method, satisfactory component placement quality can be obtained on complex surface.

Keywords: complex surfaces; automated fiber placement; path planning; sector partition; performance

constraints
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Coupled vibration of underwater fuel assembly transfer system

YUAN Zhanhang'*, LI Yunhua'* , LIU Haodong'

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China;
2. China Nuclear Power Engineering Co. , Ltd. , Beijing 100840, China)

Abstract: The stability of fuel assembly transfer system and the reliability of system structure are very im-
portant to ensure the safety of fuel assembly in nuclear power plant. In order to obtain the vibration of system
during the running process, the dynamic model of coupling system of the beam—truck + link—mass + spring +
damping was established. Considering the effect of water, the nonlinear differential equation of the system is
derived. The response of the system under different traveling speeds of truck was calculated by numerical algo-
rithm. After comparison and analysis, it is considered that the smaller the truck speed is, the weaker the sys-
tem vibration is and the more stable it is; due to the static deformation, even when the speed is very low, the
basket will still bear a certain lateral force, so it is necessary to pay attention to the strength of the weak part
of the basket; the position near the guide rail support is the dangerous position for the basket, and monitoring
points can be set here if necessary to ensure the safety of the fuel assembly.
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Table 1 Different Baumgarte parameter values

$K Baumgarte 2 4§
& =0.002 @ =0.015 a=0.01
3 =0.000 02 5=0.000 2 3=0.003
h=0.01 A B A
a=0.2 a=1.5 a=1
B=0.2 B=2 B=3
a=0.02 a=0.15 a=0.1
5 =0.002 3=0.02 3=0.03
h=0.01 A A A
a=2 a=15 a=10
B =20 B =200 B =300
& =0.002 &=0.015 &4=0.01
8 =0.000 02 B =0.000 2 8 =0.003
h=0.001 B A A
a=2 a=15 a=10

B=20 B =200 B =300
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Constraint violation suppression for dynamics modeling of
lower limb rehabilitation robot
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(1. College of Robotics, Beijing Union University, Beijing 100020, China;
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3. Robotics Institute, Beihang University, Beijing 100083, China)

Abstract: The U-K theory provides a new concept for obtaining the explicit dynamic equation of con-
straint multibody system. However, one consequence of the numerical approximation and truncation error is
the constraint violation of the dynamic equation at the position and velocity level. Baumgarte’ s constraint vio-
lation stability methods ( BSM) provide a stable dynamic equation by constraint modification. Nevertheless,
the selection of Baumgarte parameters usually involve a trial-and-error process, which may result in the failure
of simulation results. Consequently, the Baumgarte parameters selection problem is studied by using the classi-
cal fourth-order Runge-Kutta method, and the explicit dynamic equation of robot system based on the modified
U-K theory by BSM is established. Furthermore, the lower limb rehabilitation robot is taken as the research
object for simulation analysis. The results show that the constraint violation can be effectively suppressed. The
joint angle errors are controlled within the range of —5 x107°(°) =5 x 10 °(°), the joint angular velocity
errors are controlled within the range of =2 x 10 ~* rad/s —2 x 10 * rad/s, and the operation trajectory of the
robot end-effector can be well close to the predetermined target of the system.
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Table 2 Yield of cellulose and hemicellulose

Y WiRiS FEE/ % EEPEN
60% Bk 2,1 ,60°C ,3 h 80.1 [12]
R/ L TR/7K (3:6:1),0.1% HC1,85°C ,4 h 76.5 [13]
TR
K ,170°C ,60 min 65 [14]
JK/GVL(1:4),120°C ,75 mmol/L H,S0, 96 [15]
HR/ /K (3:6:1) ,90C ,4 h
88.9 [16]
5%H,0,,pH =12,60C ,3 h
W %% ,pH=4.5,55C,72 h 90.0 [17]
fi fiZ -NaCl0, ,9% NaOH ,60°C ,120 min 82.3 [18]
x3 FAERKBARENTE
Table 3 Yield of hemicellulose hydrolyzed to xylose
WA P8 HEAL Y S A% FRTR/ (g ¢") EEPEN
3% H,S0, [&/# =1:10 120C ,1.5 h 77 ~94.2 [20]
0.1 mol/L FeCl; FeCl, 140°C ,20 min 87.7 [21]
HCl JFE 43 %0 1% 20 CBU/g ] 4 — B il 120°C ,40 min 97 [19]
FURR BT 340 1. 2% 180°C ,50 min 57.8 [22]
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Table 4 Yield of xylose converted to furfural

N\ —
=7

[ T |

WS A HEAL SR 2% A PR D JREER/ (ggTh) BHEIHK
JK/GVL(1:9) PSTA-POM 170°C ,10 min 80.4 0.515 [23]
K/GVL(1:19) Bronsted acid 170°C ,30 min 78.5 0.502 [24]
[ BMIM ] Cl AlCl, 160°C ,1.5 min 82.2 0.526 [25]
JK/GVL(1:4) SAPO-18 (B/L=0.11) 205°C ,40 min 95. 1 0.609 [26]
MIBK,pH =1.25 H* 170°C ,100 min 65.0 0.416 [27]
PO & g ( THF) HCI 160°C ,60 min 87.0 0.557 [28]
K/ B HE(1:2) AR B R £ (SAPO-44) 170°C ,8 h 93.0 0.595 [29]
JK/THF = (1:2) 0.48 mol/L HCI 164°C 90.0 0.576 [30]
JK/DCM(7K/ S B %) (1:2) ] {4 R i AL 77 SCC 170°C ,60 min 81.4 0.521 [31]

x5 HFHEIKBABEENREST X
Table 5 Yield of cellulose hydrolyzed to glucose
RS Ak 551 SN A1 Bt e/ (g gh) 2% 3k
C0:2 h;CU:2 h 120°C ,4 h 0.898 [32]
0.1 mol/L FeCly (/¥ =1:10) £ 4 g, B- 45 W 17 i 170°C ,30 min 0.819 [33]
pH=12.4 £ /K:0.1 /g SFPU/g £ 4 % il 60°C ,12 h 0.780 [19]
#6 AR S-HMF g~ %
Table 6 Yield of glucose converted to 5-HMF
WA IR AL TR 4% FEE/ e FiER/ (g g 5% 3k
7k -diglyme (1:3) ZtP 180°C ,2 h 61.0 0.427 [34]
7k -diglyme (1:3) 7+P 180°C ,3 h 63.0 0.441 [34]
Lewis + Bronsted m-ZrP 155°C ,6 h 46.1 0.323 [35]
[EMIM]CL CrCl, 100°C ,3 h 68.0 0.476 [36]
[ EMIM ] Br Al,0,-b-0.05 140°C 3 h 49.7 0.348 [37]
DMSO SnPCP@ MnO, -PDA 150°C,5 h 55.8 0.391 [38]
RT BEBBRLLANSE
Table 7 Yield of glucose converted to levulinic acid
WA HEALF S 25 A FRE %o Fik =R/ (g gh) 275 ik
JK/GVL(1:4) 0.3 mol/L H,S0, 160°C ,90 min 64.1 0.413 [39]
40 g/ L 7 % b B RAREE 0.7 g/25 mL 200°C ,2 h 81.6 0.526 [40]
JK/GVL(1:4) SAPO-18 (B/L=0.17) 180°C ,80 min 70.2 0.452 [26]
FEFE/7K (1:15) S,02" /7x0,-5i0,-Sm, 0,:13.3% 200°C ,10 min 70.0 0.451 [41]
FORHREE 25 o/L SnCl, 80 mmol/L 193°C ,10 min 78.1 0.503 [42]
®8 MHAEHEUEBHSX
Table 8 Yield of arabinose converted to furfural
WA it S A A 72 A %o R (g gh) 2% 3k
THER/7K (4:1) Lewis g P B T 140°C ,30 min 60.0 0.384 [43]
PR 5 434K 989% ) 170C ,60 min 62.0 0.397 [44]
R 200°C ,50 min 53.0 0.339 [45]
T S S A 7K - 2R Gk FR 26 fE Nafion NR50 \NaCl 170°C ,40 min 42.0 0.269 [46]
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Fig.3 Flowchart of steam extraction method
3.1.2  FRA - 1R
Fe b FOK TS AF 5 M HCL B4R 2K fige 2f 2F

Y ZR A B AR VAU, 0T W T R A S 2 R %
R/ M Bt ) i A % A 7T A 300 B 1 3 9o
T HRH R B AR AT 2 A5 ik - QO X A % B K
HEAT IR B K 08 ) DA v v ik 2 s @i A7
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Fig.4 Simulation process of steam extraction method
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Table 9 Heat consumption by steam extraction method

HICHFR L ST B PR RE/ (KT - kg ™)
STEAM-1 #5946 1 FURNACE 16 796.20
FF-PRO MR A 7= BT RStoic -1 009.50
CONI BT e i BT Sep 15 490. 80
STEAM-2 %4 =752 FURNACE 19 314.20
LA-PRO LA Az 8oE RStoic -1237.87
NEU CaO f FI8L 5T Sep 984.00
CON2 LA ¥4 8T Sep 17 331.40

T BRI AR 0 TR I L AR B T 58 6 OK A AT B IH FE Y

o BRIY BB BRAE S A LR, T DL AR 28 A 7
B R R AR . BRSO 2 OB
WX AR AT AR o o 4 K ] R
HEAL AL 9 LA TiAL B - A0 e fh vk i R G &L 5
Jr s o

5 Aspen Plus XJ b i #2 i 47 B4, W1 6
7R o R 4% B BRI B A Y B 0E AT [l Bak
B, FE 00 AT AR P 9 2 B4, AT DA R AR A B
Feo #5 SN TP T AR S R AN SR 10 PR .

BEEE: 0.106 5 ¢
KA e
e L R O 10608
A H b 212 170°C., 60 min e
0.01 g SCC, :|,> L ﬂ@
AW 02044 | 04 gNaCl F
K:0.8176¢ /

Mk Ci e 0204 4 ¢
LT s i 0.02 ¢
TR 10.1457 g

120C |4+t 0,021 9 ¢
40 min

Ak
L

TORFGF: 1 g
1%HCI: 10 g
214k 2 5 FPU/g

HAih:937 ¢

1k 0.608 g

LA:0.1394 ¢
L’:Fft,’ﬁ Lac0139sgN | o [
0 T K WATHIT | K
K:9.12g N 200°C, 10 min TR
13, 3%

5 Bk F-HEALEE AL R

Fig.5 Flowchart of pretreatment-catalytic conversion method
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Fig.6  Simulation process of pretreatment-catalytic conversion method

F10 FaE-EAERUEREHE
Table 10 Heat consumption by pretreatment-catalytic

conversion method

HITAFR BIOTULH] R S ERE/ (K - kg ')
HCL-PRE LR WAL ¥ RStoic 1 473.57
MEMB AWK AT Sep 91.89
FF-PRO BT A= I8 RStoic 695.69
DISTI ERE AT 5T Sep 701.72
GLU-PRO&LA-PRO LA 4 =¥i55  RStoic 1 463.75
DIST2 LA ¥4 80 Sep 4 402.86

T AR TR0 T 45 T 50 FORFE AT i AR A it

TR 7 2 0.546 2 o/g P LT 4ER
LA =3 0.352 0 g/g P45, R IHAE N
8 829.48 kJ/kg F AFEFT o
3.1.3  WATRA AT ok

M Li 277 o mFge s SR 8 0 RS FFREFT 2 1k
AP PR AR IR AR I, ) 4 0l 28 0 R R A% 1R (180°C
90 min) K 45 (140°C ,90 min) , B[ A1 LA
PR JEE 7R P2 2R 43 3 Sk 70.65% 1 57.7% o Al DL i
A CO, ¥ /K-GVL 43 1K A0 A HLAH , B &
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e 7 frs.

KRR — R IR AR, MRS SCHK [ 39 1A %

1 Aspen Plus i 01 S o g i 17 B
UL 45 07 s TE R K AT [ AL T S
SR SRV AAE TR AR B B R A P 8 S L B A
% B 11 R,

HEBE: 0.0882 ¢
—D

LA:0.1149¢g

GVL:8 ¢

(AL I—K) GVL: %8 g

0.2 mol/L K¢

H,S0,

IR [ 0088 2 p—
K:2g 140°C, 90 min| LA:0.1149g BIE5.CO 01 S
e m | LA:0.1149¢g ZX I HI0

AT

GVL: 48 g

FRAGA: 1 g

[if]f45: £50.8 g

K42 g

HLATEW: 10~10.8 ¢
[ A5k /NF0.8 g

180°C, 90 min

0.2 mol/L
H,SO,

GVL: Zj8 g

/

T PIRIAL B AL 7 R R

Fig.7 Flowchart of two-stage pretreatment conversion method
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Fig.8 Simulation process of two-stage pretreatment conversion method
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Table 11 Heat consumption by two-stage

pretreatment conversion method

BT AR HOTELW] R SRR/ (K) - kg )
LOW-T&FF-PRO KW #.7C  RStoic 639.13
HIGH-T&LA-PRO @i Z R BIC  RStoic 688.32
Co, MG CO, ZEM Sep 0
SEP2 ZEMARIAIC  Sep 1 255.86

VE AR T RE O 7 UL T A1 T T 5 KRS R BT I R 1
P

T BRI 7 A0 0,438 6 o/g AT 4E
RLLA RN 0.29 g/ R4 R, RN
2 583.31 kJ/kgE KFEFF
3.2 HEMEES-HMF TZifiE

H T 5S-HMF {7 f A0 46 S &y 53, B 5-HMF
A DL A 46 A A5 20K R BE 1 2 A m A dar
FHF A 7= Wi zs B AR, SO SO — B A 7 A

[EF S-HMF (1 T 20 f6 2k . ROKFEFF S fiab 2 5
TGS AL B R B S AL S-HME, i T 42 8 2 1 WAk
W B 5 HA TR RE P, A SO0 AR 8 A0 A% 8 L
Gy T RSO A B 700 55 T A 790 A b 7 4 4
Fr S-HMF 21 4 28288 A6 W) o A Ak %% f B 12 A S-
HMF 41 9 fis .

7 Aspen Plus X2 Ji F2 3 17 8540, #2480 it
AN 10 ProRs o 45 B B A s T FE I 45 R an
12 FR,

ITIE BRI 7 280 0.546 2 o/ g LT 4ER
S-HMF =384 0.333 1 g/g 2F 4R, I IHAE N
5212.87 kI/kg FERFEFF,

W FARBL, AR T 4 RO [ T2 A
THHT IR Y 77 2 ) B S R T AR RS
S AT LIS A R 20 B bRy AR 5 K
REFEFRIC
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Fig.9 Catalytic conversion of furfural and 5-HMF after pretreatment
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Fig. 10 Simulation process for producing furfural and 5-HMF after pretreatment

F 12 FAEEH EHREEF S-HMF B #HEFE
Table 12 Heat consumption for production of

furfural and 5-HMF after pretreatment

LISTIEA HICUL IR SR RE/ (KT - kg™')
HCI-PRE IR AL B RStoic 1 463.66
MEMBI AW 45 2T Sep 91.88
FF-PRO BEREE BLYIG RStoic 695.69
DIST1 T e 48 200 Sep 701.72
GLU-PRO HRAEPHIE  RStoic 178.74
MEMB2 AR A NIC Sep 105.26
HMF-PRO  5-HMF 4 @ iJC  RStoic 1 075.67
DIST2 5-HMF #4290 Sep 900.25

T R T RE O AE B T AR R B T 38 B OR A R T I AR 1Y

45 ®

3o A 5 UL A ] 45 2B AT ik T SR )
FEAR L A BE T, 15 B T 4T 4k K IR W) o
#T B S WAR L2 a5,

1) ZRVRAR UL AR 7 1 g MR 22 F 24F 4
RO EN2.598 7 g 0 EKFEFE, 75 ZE I FE
16 256.50 J;5i4E 77 1 ¢ ZBEN R T B R R S &
9 3.861 g iy EOKAHAT, 07 HAE & 28 101.72 ],
BT LRI, ARG T A M. W
FBRFE A LA 20 T R e it =S B a6 5
TG 2, D) e Ok 5 G v R, A
TR AT AN VR 4 o R T P A I B R T R

2) iz FH A B - A0 2 Al A 7 R T AN LA
RprEr= 1 g MRS TR B PR 4R R o 1,831 g 1l
FOKFERT, T B FE I 5 424,51 I 4546771 ¢
BEPI R Z AP R o ity 2. 841 g 1Y K FE AT,
T FEPE 16 666.51 ], 773w, BEFEAE. (HX)
Ve TR , B K, HLw B K R LT
JE K 4 U B e AR BT I R

3) PR AL B Ak ik A PR R RN LA B
Al g MRS E A R SN 2.280 g UK
KFEFE, H BN R 4 320,54 ;4771 gL Tk
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Energy consumption for production of jet fuel precursors from
cellulosic biomass by hydrothermal method
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(Energy and Environment International Centre, School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract: Biomass for production of alternative jet fuel has a very important impact on global carbon re-
duction and the control of greenhouse gas emissions. Wide sources and large annual output of cellulosic bio-
mass have become its significant advantages as a biomass raw material to produce aviation alternative fuels.
Based on the latest research results of cellulosic biomass, the process parameters and yield of the key process
units for the production of jet fuel precursor (furfural (FF), 5-hydroxymethylfurfural (5-HMF) and levulinic
acid (LA)) from cellulosic biomass were studied in depth in this paper. Through Aspen Plus process simula-
tion, the material flow and energy flow of FF and LA, FF and 5-HMF were studied and compared. The influ-
ence of different process parameters on the yield was obtained, and energy consumption analysis of the advan-
tageous process flow was carried out, which provides a theoretical basis for increasing the yield of platform
compounds and reducing energy consumption of production of alternative jet fuel from biomass.
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Table 2 Scheme of train trajectory simulation
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Fig.3 Curve of train trajectory simulation in tunnel
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Table 3 Navigation positioning error statistics of SINS/RFID integrated by positon

o 1 B2 0L 3

IF] P/ m
I {E/ m KA/ m T /m FR{E/m FH{E/m KA/ m
100 0.752°8 1.153 3 3.104 4 5.682 5 27.824 4 51.2679
200 1.374 4 1.993 8 6.150 7 11.315 7 56.2357 107.712 2
500 3.1876 4.505 5 15.423 3 27.781 1 141.115 7 254.971 2
1 000 6.202 6 9.020 6 30.243 2 52.3922 276.417 9 538.789 2
7R J RFID 93.333 2 122.828 6 338.633 0 653.079 8 3072.103 3 6 425.889 1
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Table 4 Navigation positioning error statistics of SINS/RFID integrated by positon and attitude

. oL 1 L2 0L 3
If] ./ m
FE{H/m BRAH/m FH i/ m KA /m FHfi/m R A /m
100 0.510 4 0.743 4 0.573 8 0.8519 0.625 2 1.002 6
200 0.845 7 1.413 4 0.968 0 1.427 1 1.183 1 1.987 6
500 1.8123 2.936 7 2.158 1 3.580 0 3.789 5 6.4113
1 000 3.497 4 6.041 7 4.507 6 9.5218 11.982 4 24.171 1
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High-precision positioning method based on SINS/RFID for trains in tunnel

ZHANG Chendong'?, WANG Zhaorui'"* , JIN Shengzhen', AI Guoxiang'

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China;

2. School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: based on strapdown inertial navigation system ( SINS) and radio frequency identification
(RFID), an integrated positioning method is proposed for the position acquisition of high-speed trains in satel-
lite-denied environment such as tunnels. The positioning accuracy of RFID tags is calculated by the response
time model. The tags could also calibrate the attitude by adding actual railway information. Setting RFID tags
on tunnel wall and at the same time combining with inertial navigation system provide continuous dynamic posi-
tioning data. Simulation results show that utilizing RFID tags in position calibration significantly decreases the
error accumulation of inertial navigation system and increases positioning accuracy in 30 km tunnel. After the
addition of attitude information, the positioning accuracy of the whole tunnel railway maintains at the level of
meters in a variety of combinations of gyroscope performance and RFID tag interval, the best of which is
0.5 m.

Keywords: integrated navigation; tunnel positioning; radio frequency identification ( RFID) ; strapdown

inertial navigation system (SINS) ; dynamic attitude calibration
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Table 1 Median of correlation coefficient matrix
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Table 2 R’ square test results of different

interpolation methods

RZ
Tk
PR Rl M

BGW (30) 0.999937  0.997788  0.999 770
BGW (60) 0.999 804  0.995244  0.999 441
BGW (90) 0.999726  0.993489  0.999 138
NN 0.999782  0.996398  0.999 522
IDW 0.999202  0.998 867  0.998 437
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Table 3 Mean absolute error of different

interpolation methods

MAE/(m -s™")

Jr ik

[P A R
BGW 0.082 857 0.115 629 0.125 175
NN 0.195 772 0.238 833 0.211 241
IDW 0.398 948 0.134 958 0.429 27
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A stratospheric wind field interpolation method based on
geostrophic wind model
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Abstract; The data accuracy and density of the stratospheric horizontal wind field have direct influence
on the trajectory prediction accuracy and flight control accuracy of the high-altitude balloon experiment. Focu-
sing on stratospheric wind field, this paper puts forward an interpolation method based on geostrophic wind
model. The method improves the wind field accuracy in low-latitude area and calculation speed of the geo-
strophic wind model by improving the formula of Coriolis frequency and using two-dimensional convolution.
Meanwhile, the method reduces the influence of observation error on interpolation result by using iterative bi-
nary linear regression and an improved adaptive bias weight matrix for the observed field. The experimental re-
sults show that the proposed interpolation method can effectively improve the calculation speed of the interpola-
tion of stratospheric wind field and the interpolation accuracy of stratospheric horizontal wind field.
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two-dimensional convolution
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Fig.4 Change of loss function during training
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A woman wearing a black,
yellow and brown stripe
shirt, a pair of black pants
and a pair of brown shoes.

A male teenager wearing a
black short sleeved t shirt
and light blue jeans.
Wearing brown tennis
shoes and a black backpack
holding a book.

A man with glasses
wearing a black tee shirt
with dark grey shorts and
carrying a backpack.

This man has short white
hair and he is wearing a
light coloured shirt and
black pants.
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Fig.5 Examples of Top-5 results for cross-modal pedestrian
re-identification by proposed algorithm
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Fig. 6 Retrieval results using attribute space and
latent space and after fusion
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A cross-modal pedestrian Re-ID algorithm based on
dual attribute information
CHEN Lin', GAO Zan®, SONG Xuemeng', WANG Yinglong’, NIE Ligiang" "

(1. School of Computer Science and Technology, Shandong University, Qingdao 266200, China;
2. Shandong Artificial Intelligence Institute, Qilu University of Technology ( Shandong Academy of Sciences) , Jinan 250014, China)

Abstract: Through the investigation of cross-modal retrieval, the use of attribute information can enhance
the semantic representation of extracted features. The attributes of the pedestrian image and text are not used
adequately in the existing cross-modal pedestrian Re-ID algorithms based on natural language. To tackle the
above issues, a novel cross-modal pedestrian Re-ID algorithm based on dual attribute information is proposed.
Specifically, the attribute information of the pedestrian image and the attribute information of pedestrian text
descriptions are fully and simultaneously explored, and the dual attribute space is also built to improve the dis-
tinguishability and semantic expression of extracted image and text features. Extensive experimental results on
a public cross-modal pedestrian Re-ID dataset CUHK-PEDES demonstrate that the proposed algorithm is com-
parable with state-of-the-art algorithm CMAAM ( Top-1 56.68% ), the retrieval accuracy Top-1 of the pro-
posed algorithm reaches 56.42% , and Top-5 and Top-10 are improved by 0.45% and 0.29% respectively.
Besides, the retrieval accuracy of cross-modal pedestrian images can be significantly improved if the class in-
formation is provided in the gallery image pool and is used to extract attribute features, and Top-1 can reach
64.88% . The ablation study also proves the importance of the text attribute and image attribute used by the
proposed algorithm and the effectiveness of the dual attribute space.

Keywords: cross-modal retrieval ; matching algorithm ; pedestrian attribute information ; feature represen-

tation; feature fusion
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Fig.4 Arrangement scheme of tension rope
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Fig.5 Force vector diagram of central module
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Fig. 6  Finite element model of paraboloid antenna
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%1 Bushing THBRNESHIEE
Table 1 Parameter setting of displacement

stiffness for Bushing coupling

L% W Bt/ (N - mm ")
Dy, 108
Dy, 10®
Dy, 10*

%2 Bushing TEHRESHIZE
Table 2 Parameter setting of rotational

stiffness for Bushing coupling

B W BE/(N - mm - rad ")
Dy, 108
Dss 108
Deg 10

*3 HAUBEHRE
Table 3 Model property setting

R
%5 pEnAmEEN0 |

Table 5 Tension arrangement scheme

E Y FF MR
Rk HE 4% 2
P AR/ MPa 7 x10* 1.5%x10°
BERE/ (1 mm ) 2.84 x107° 7.9 x10°°
THA L 0.31 0.31
ALY Beam Truss
o 4% 25 7 Beam T3D2
U R /mm HAR 15 R HiE:1

5 S B B HE A R S5 A P RE A — E Y
SR AE AT 1 2 4 S A R I i o, DABEY
BeaEp
3.2 HHMRESH

BT 31 P B AT FROCHE AL, AR X T
5807 58 55 AR SO Y T 5 38 B 0 KRG 6 B
[E] A7 A0 5 ) 42 T RE 1, E 2 8 K o) B AR
TA~RO6Fm. R, IR 07 ANGK K4
RITTR, TRV AERAGETR,TTR2 ~
J7 58 A7 O RO SR AT BT SR 3 Bl A

Fe e 6 v 4 iy 868 L 4% I I A AR o3 il
54 PATX I A G A R R A E TR 1A
WK R ETTR 2 ~ I 5 4 WYy K2
IR 6 BRI A 1T o BLHIAI X AL e & 5
Z& B B A BT 58 R RE AT DUES B 32 7 K 4N Y
TERT, HAETHEIAE T4 % .

®4 RABERZEANERTHERHE
Table 4 Natural frequency and average natural

frequency of cordless antenna

7 [ A7 45 % (J7 %8 0) /Ha
1 K 0.490
2 By 0.800
3B 1.841
4 By 4.350
5 B 6.732
6 By 8.203
C 0.962

HKEJI/N
bz
ES e FE3 EE,
12 200 140 220 290
2 )2 200 300 270 250
3)2 200 170 190 110
42 200 190 120 150

FR6 ARARENEFMEREHEFIME
Table 6 Natural frequency and average natural

frequency of each order for different schemes

It 47 45/ Ha

2
VE Jr%2 3 EX
1 By 0.503 0.504 0.504 0.505
2 By 0.808 0.808 0.808 0.808
3 By 1.830 1.829 1.829 1.830
4 By 6.938 6.920 6.920 6.910
5 By 10.078 10. 046 10. 046 10. 029
6 B 16.291 16.285 16.285 16.283
[ 1.022 1.023 1.023 1.025

3.3 EEIRESW

AR SCARE BT 46 AT AR PR E R 2R M B £ T
PO/ TR R 25, 1 G, 6 P DR 2R 1 R I
30 AN 14 S I 3 4 I AR AR S AR S R T
WEMBETEXZ, W T iR o

X 5 R 4 R TR T A T 5 o R AR I
Xt BT TR 25 1E, 4 45 R 5 1% e A B 7 iR
ZEAEVEAT X EG, Ik 7 iR .

K7 R oA

Fig.7 Distribution of sampling points
x7 TEAARFEERE

Table 7 Shape error of different schemes

iK% J1/N
kS JE T % 2%/ mm
12 2 2 32 42
ER! 200 200 200 200 0.177
FE?2 140 300 170 190 0.066
HE3 220 270 190 120 0.109
JE4 290 250 110 150 0.056
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WK AR BRI R A ETT R 15
WM RK R I R ETTR 2 ~T7 & 4 AT
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WREREMR T762.71% ;7607 % 3 M2 FF B iR
ZERFEAR T 38.42% s7ET7 5 4 WAAME T B iR 22
FEAR T 68.36% ; L3k 3 FhJr S84 K AR 4 49y 1 KX
LnIe iR 22 A AR

RTHFETTRIREZITE = W 8 BrR .
MUARM ARG ETRE MaEMAETTR2 ~
Jr % 4 MR IR TR R BT, J5 B 22 B 3
W . EU R PR AR T 3 - 2% .

AN

(d) fRAET
K8 Huyim K& ALK

Fig.8 Deformation diagram of paraboloid antenna
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max C = f(F, ,F,,F,,F,)
min T=]"2(F1,F2,F3,F4)
100 N < F, <300 N
100 N < F, <300 N
100 N < F, <300 N
100 N < F, <300 N
S E, P, FyF, s R RRIE S
4.2 KRIEER
Wy TR ACR A SCR 5 4 I B £ 50
RH C.T 5 F, F, F, F, Q03 %R, 5
HiERH

4 4 4
2 3
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a=(X'X)'X"Y (9) 249.21,103.38,101. 13LBLMA1)5E@%

A SCH e B T Sz 05 Bt 7 ik 18 4 =
5K 55 14 MR FBL P BB L 2 23 il B 100 A A A
SOIRAD BB TR X R C LT, B T |
ZER L BIUA I CT KT F F, F, F, [0 R
[IES -0

ASSCH JH 29 07 MR 3R 22 0 Ry B TR E R
BOR® X 2 Ak b x0T % 2 2 40
R B AT ARG I I 16T, A7

(10)

Z (¥, _5’5)2

R=1-"— (11)

Z(y -y)’

A0 <Ry, R < 1in REAR G By, R FE
A R B 5 BB cp b B A 25 2R 5y, SR e
T X A THE y oy, B9 IIME . A Ry HIMH
BT T 0, F R LA RS BE B, I 2 % 5 4 R
M E L T 1, R R MR, e 2 22
8 AT A Y C T X R e N T AL Y
Ry R,
RS MEEMBEERH

Table 8 Response surface accuracy coefficient

Eisk D Ryse R?
C 0.000 076 0.992 176
T 0.003 468 0.999 587
SRR o P TR RORS BE R, AT B IR 2k
RV v g =

4.3 RUHERERSH

FE AR PR 22 H AR AL [a) BBERs, AT L3 5 in AR
7 8 Z A H br ok B0 A B A H w6 5L,
HETT R B H bR G A 58 o2 e A TR B
245 30 O 45 2R B 2 1> H b o6 $0 AR
FE FEA SR AR R, 2 A B B oA B
HZ RPN G A IE Y ARE R Hit,
HHCR AR HE 7 st AL 512 (NSGA- T ) 58 ik AR
T8, NSGA-T X Fip B e R 2, nl k15 2
H A Ak 5] A8 1) g I il 4 i AlE SR A S AR i o AR
EEM S HOE MR 9 s,

DA it #2 v, ) T e 7 TR A AR Y C LT
EAME R R HERE. @RI, 55
AR B SR e U0 i A, 22 2R Y X I A A
RAICHTATHE R, I 9 FoR o

A BT B O i A L 3 ORI R 25 e/ Y T
EAEN B AL, BN (F,, F,, Fy, F,) = (271.95,

RUHEAT S 0E , 90 R 45 a1k 10 R,

M 10 /LT, Zad Ak )i, B 00 J2= J7 58 H L
TALGET7 AL F B [ AT SR AR T 0. 1% , B T iR
ZFRILT 88.7%

x99 RMUEESHEE
Table 9 Parameter configuration of

optimization algorithm

S5 EAEER
FIHEEL 12
HEAL AR L 20
2 AR HL 10
A5 SR HL 20
& AR 0.9
0.4
0.3 Lo
g }
E 02 )
= o
0.1 "L
0 . ¢ .
1.020 1.024 1.028 1.032 1.036
C/Hz

WA« HRIERIUE  — DA RSERTT
KO ih RAERTHT Mk
Fig.9 Curve of Pareto front
F10 RMBEIE

Table 10 Verification of optimal solution

2 Al A Xt B 41

F,/N 271.95 200

Fy/N 249.21 200

Fy/N 103.38 200

F,/N 101.13 200

C/Hz 1.024 1.023

T/mm 0.020 0.177
5% @

1) A SC AR AR 9y 18 K 2k R IF 58 X0 42,
o JE A K B AR vk IR R TR BR O

BERIXZ 56 G B AT T3k, (B85 R 3R
W, 3% 07 U AE DR UE S5 48 W B2 4 ] B, T DAA 408/
KBS g R REIE MR

2) G4 R TR TR AT NSGA- T X A 3C )5 i
Wik B S8R T et a5 R R RS
1k & 0 S 80RT DL — 20 5 T P R &
PERE .

3) ASCT5¥E ] O d B AT R T4 ) TR 46
PV PR A e 48 S, BT LS A8 H Al 2 3 R
LMt .
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Multi-layer design method of tension rope for paraboloid antenna
WANG Hui', HE Tianyu', DU Xianchen', WANG Chunjie"* "

(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100083, China;
2. State Key Laboratory of Virtual Reality Technology and Systems, Beihang University, Beijing 100083, China)

Abstract . Satellite-borne paraboloid antenna may vibrate during orbit operation due to attitude adjustment
or environmental factors, thus reducing its performance. In order to reduce the influence of vibration, it is
necessary to add tension rope to enhance the antenna stiffness. Therefore, a new multi-layer design method of
tension rope is proposed. In this method, the paraboloid antenna is divided into multiple layers and the tension
of each layer is adjusted to improve the structural stiffness of the antenna and reduce the shape error caused by
the tension force as far as possible. In order to verify the effectiveness of the above method, the finite element
model of the antenna is established. On this basis, the finite element analysis is carried out, and the structural
stiffness and shape error under different tension parameters are studied. In order to improve the stiffness of the
structure and reduce the shape error caused by the tension force, the tension parameters are optimized. In
order to improve the efficiency of optimization calculation, the response surface method is used to establish a
surrogate model to participate in the optimization iterative calculation. Non-inferior sorting genetic algorithm
(NSGA-TI ) is used to complete the iterative calculation. The optimized tension parameters further improve the
performance of the antenna. This research can provide theoretical guidance for the design of truss deployable
paraboloid antenna.

Keywords : paraboloid antenna; tension rope; shape error; finite element analysis; optimization design
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Experimental study on aerodynamic and deformation
characteristics of flexible membrane wing
WANG Hanbin, HE Xi, WANG Jinjun"

(School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract; Micro air vehicles (MAV) have wide appications in both miltary and civilian fields, and flexi-
ble membrane wings are an effective method to improve the aerodynamic of MAV. In order to better control the
flexible wing, the vibration and deformation characteristics of the flexible membrane wing and their impact on
aerodynamic force are measured synchronously. Compared with the rigid wing, for the flexible membrane
wing, the stall angle of attack is delayed by 6°, the maximum lift coefficient is increased by 47.4% , and the
lift-drag ratio is increased by 17.8% . In addition to the characteristics of large amplitude and small static de-
formation at @« =0° ~2°, the amplitude of the periodic vibration of the flexible membrane wing undergoes a
transition from no obvious crest, three crests to one crest as the angle of attack increases. When the lift coeffi-
cient is maximum, the corresponding membrane deformation and vibration amplitude both reach their maxima.
Besides, the chordwise position of the maximum deformation changes with the angle of attack, which deter-
mines the pitching moment characteristics. Based on these results, an active control method of improving aero-
dynamic performance by applying deformation and vibration excitation with specific frequency is proposed.

Keywords: flexible membrane wing; fluid-structure coupling; aerodynamic force measurement; deforma-

tion measurement; vibration analysis
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imbalanced data processing based on SMOTE algorithm
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Table 4 Initial pseudo-label distribution of
target domain data
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Fig.3 Classification error of JDA algorithm varies with

number of iterations
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Table 5 Confusion matrix of transferred model
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Table 6 Main evaluation indicators of transferred model
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Operating status evaluation of smart electricity meters
based on joint distribution adaption

XU Dan"*, LI You', LI Helong®
(1. School of Reliability and Systems Engineering, Beihang University, Beijing 100083 , China;
2. China Electric Power Research Institute Co. , Lid. , Beijing 100085, China)

Abstract: In the operation status evaluation of smart electricity meters, it is often difficult to collect la-
beled data and the data distribution in different regions is inconsistent. To solve this problem, we introduce the
joint distribution adaption (JDA) method in transfer learning in the field of operation status evaluation of smart
electricity meters. This method tries to find an optimized transformation matrix to minimize the distance be-
tween edge distribution and conditional distribution in different regions in the transformed space. In order to
solve the problem that there is no data label in the target domain when the conditional distribution adaptation is
made, the JDA method uses pseudo-tag iteration method to make the target domain pseudo-label constantly ap-
proach the real tag. The classification model trained from the data in the post-transformation space can be ap-
plied to the new region to realize the transfer. The experimental results demonstrate the effectiveness of JDA
method in the operation status evaluation of smart electricity meters.

Keywords: joint distribution adaption ( JDA); smart electricity meters; operation status evaluation;

transfer learning; smart grid
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Fig.2 Computational mesh of base cavity
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Table 1 Grid independence verification
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b 3117 979 0.227 6 12.5
Hl 1281 160 0.203 5 5
M910BC h 2 028 504 0.218 1 8
2 3202 901 0.218 8 12.6
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Table 2 Computational mesh characteristics
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Table 3 Relationship between incoming flow

conditions and Mach number
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Fig.3 Comparison between calculated drag coefficient and

experimental data
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Fig.4 Drag reduction efficiency of base cavity structure
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subsonic speed
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Table 5 Information of vortex street center at

transonic speed

1 L A Wi
S L 4
x/mm y/mm &)/ Pa
0.90 80.642 0 5.483 0 86 368
0.98 80.872 5 5.2525 79 307
M910
1.02 80.4115 5.160 3 74 054
1.20 80.1810 4.9759 68 160
0.90 80.872 5 5.304 3 87 852
0.98 81.149 1 5.258 2 80 355
M910BC
1.02 80.780 3 5.073 8 75 926
1.20 80.549 8 4.843 3 70 422
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Numerical analysis on drag reduction effect of base cavity
LI Biao, WANG Liangming* , YANG Zhiwei

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210016, China)

Abstract; In order to investigate the drag reduction mechanism of the base-cavity projectile, the flow
field characteristics of M910 projectile are numerically simulated through the 3-dimensional steady CFD meth-
od. The zero-lift drag coefficient variation with Mach number are presented. The computational results have a
good agreement with the experimental data. On this basis, a base cavity is introduced for M910 projectile that
is named M910BC in this paper and then numerically simulated. The base flow field characteristics of the pro-
jectile with different base structures are compared and the drag reduction mechanism of the base cavity is ana-
lyzed. The resulis show that at subsonic speed, the drag reduction of the base-cavity projectile is found to be
mainly due to the introduction of the high-pressure “dead zone” in base cavity and the displacement of the sol-
id base with the compliant fluid boundary of the cavity base. Because of that, the forming location, shape and
strength of the wake vortex are slightly changed. At transonic speed, the drag reduction effect of base cavity is
vanished since the wake vortex is further from the base of projectile and the effects of the solid base and fluid
boundary are the same. At supersonic speed, the drag reduction mechanism of the base cavity is that the mass
of the recirculation region is increased by the flow of the base cavity, which is similar to the drag reduction
mechanism of the base bleed projectile.

Keywords: drag reduction effect; base flow field; numerical simulation; base-cavity projectile; zero-lift

drag coefficient
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i . O THK GNSS LI & F 155 [F B & 7 KXy GNSS-R # 48 L % 3R # T &y
Mg ae, TR T XKL R GNSS-R |l & L, K& T RAFF N 40 MHz o J£ 46 o M 4
o A B EIF K E GNSS-R M & B 4 B Rl An KB L S 4T 7 A2 24T, R &t
HKETETQZSSLIC/A &AM LIC &y GNSS-RETEMHE R, ol G RER S AN F
KHETWNEEHTG L, AR ESGRFTHEIFE, ERERKH E T QZSS LIC/A
A LIC A 49 5 T M B 4 E R 74 0.63 m 47 0.4 m,L1C # & 2 R GNSS-R Il & 4 & 91 &
& T LIC/A #, 4, GNSS-R MG E LM A T 25 E A W i A BT e,

% 4 3@ GNSS-R; QZSS; L1C; LIC/A; Wl &

hESES . V221.3; TB553
MHEPRRRED . A

GNSS-R ( global navigation satellite system-ref-
lectometry ) i [f7 ) 155 115 Sy — J50H7 % 114 %) 3t 00 00 4
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Table 2 Comparison of the accuracy of code delay coastal altimetry results of J1,J2 and J3 satellites
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Coastal GNSS-R ocean altimetry based on code delay of QZSS L1 signal

CHU Ti"?, HE Kaifei" ", GAO Fan>’, HE Yungiao’, MENG Xinyue’, XU Tianhe’

(1. College of Oceanography and Space Informatics, China University of Petroleum ( East China), Qingdao 266580, China;
2. Institute of Space Science, Shandong University, Weihai 264209, China;
3. School of Space Science and Physics, Shandong University, Weihai 264209, China)

Abstract: In order to explore the altimetry performance of GNSS-R code phase delay measurement with
different modulation methods in GNSS LI band signals, a coastal dual-antenna GNSS-R ocean altimetry experi-
ment was carried out, and the original intermediate frequency data with a sampling rate of 40 MHz was collect-
ed. The experimental data was processed using the self-developed GNSS-R altimetry software receiver and in-
version software, and the GNSS-R ocean altimetry results of QZSS L1C/A code and L1C code were obtained
simultaneously. Then we compare them with the measured values of the radar altimeter that were simultaneous-
ly observed coastally, and used to evaluate the accuracy of the GNSS-R inversion result. The experimental
results show that the ocean altimetry accuracy based on L1C/A code and L1C code is about 0. 63 m and
0.4 m, respectively. It can be seen that the GNSS-R measurement accuracy of the L1C code delay is signifi-
cantly higher than that of the L1C/A code. In addition, the accuracy of GNSS-R will be improved as the satel-
lite elevation increases gradually.
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Fig.1 Experimental device and finite element model of

composite laminates under high-velocity hailstone impact



702 b5 M = MK k% F M

-

I AL A%, TR 1,74 mm x 1.74 mm,
MHR L ] S0 A 3 B2 bl %85 B 5, SR ] T bias T RE
A B SN E R T, BB 2, Az RAs RO R T
S SIS, X R RE DR AIE T RO B R T s

UKL 2 M 22 T SR FH e P 4 A, 32 foh Js 7
T JEE 5 1 A8 4% fnk o )23 A5 S A RS A 2 T g T
E LI, AR I Al 24 S g ORI, O 3 ] 7 e
PSRRI 2% mORBAU S 50 i e e 25 1 BTt
SEIUKE i A A RHEARCA BR TR AL AN 1(b)
TR, AR I By 165 331 4~ 45 .6 176 /)~ R3D4
50,87 200 4~ C3D8R HJL 1 67 500 4~ COH3DS
BITH A .

JK ) Gruneisen AR5 T7 FE S UK B A T 2
PERE 2 50 b i T 0 % 32 09 VK RS i e 5 R 2 B
F 20 R 4T B, B T MR S
BORI B 1) B A B ORE O MR S B0 3% 5T A
6O R,

%2 Gruneisen k5 HESH™

Table 2 Parameters of Gruneisen state equation''”’

Table 5 Material parameters of interface element!

ﬁf} N —
%5 RELLaLEy |

19-20]

E 34 il
W/ (kg m™?) 1 440
K/(N+mm™?) 1 x10°
N/MPa 30
S =T/MPa 75
Gie/(N - mm~") 0.3
Gye = G/ (N - mm ") 0.6

*x6

unidirectional composite[

8 1 B A A R B B 1602

Table 6 Material parameters of

6,15,21]

28

HfH

C/(cm - ;.Ls")

V/(Pa-S)

0.148
2.559
-1.98
0.228
0.493
1.39

2.895 x10°°

1073

*3 KEEAHZHEESH

Table 3 Basic mechanical performance
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Damage prediction and failure mechanism of composite
laminates under high-velocity hailstone impact
ZHANG Chao” , FANG Xin, LIU Jianchun

(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Aiming at the potential risk of hailstone impact on the safety of composite structures, a contin-
uum damage mechanics based nonlinear finite element model was developed to study the mechanical behavior
of carbon fiber composite laminates under high-velocity hailstone impact. The Lagrangian method and
smoothed particle hydrodynamics (SPH) method were used together to model the impact of hailstone, and the
equation of state of water was introduced to describe the flow characteristics of the hailstone after breaking. A
rate-dependent constitutive model of unidirectional composite, as well as 3D Hashin failure criteria and materi-
al stiffness reduction rule, was applied to predict the in-plane damage in composite layers. Interface elements
governed by bilinear cohesive model were employed to simulate the inter-laminar delamination phenomena in-
duced by impact. A user material subroutine VUMAT was coded and implemented to obtain the numerical so-
lution based on ABAQUS/Explicit solver. The transient process of composite laminates under hailstone impact
was reproduced and the damage characteristics and failure mechanism were analyzed in detail. The effects of
impact velocity and impact angle of hailstone on the impact properties of composite laminates are discussed,
which provides proper reference for numerical investigation of hailstone impact problems in composite struc-
tures.

Keywords; carbon fiber composites; hailstone impact; high-velocity impact; damage; numerical simula-
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Account-based blockchain scalable storage model
ZHANG Xuhao, NIU Baoning*, GONG Ting

( College of Information and Computer, Taiyuan University of Technology, Taiyuan 030600, China)

Abstract . Blockchain data is growing linearly, eventually reaching a point where single node cannot pro-
vide sufficient storage capacity, and resulting in storage scalability problems. Although the light node model
greatly reduces the demand for storage capacity, it also leads to a reduction in full nodes and decentralization,
which threaten the security of blockchain networks. At present, there is no mature and scalable storage solu-
tion proposed for account-based blockchains. Considering that the access frequency of state data is much high-
er than that of block data, this paper proposes the scalable storage model for account-based blockchain ( SS-
MAB). SSMAB saves state data in a completely redundant manner to guarantee its transaction verification
function, stores block data via sharding storage to reduce redundancy, and adopts an economic incentive
mechanism to ensure data availability while reducing storage consumption. Experiments show that SSMAB can
ensure data reliability and availability, while reducing storage data volume to 13% of the full node model.
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Low-complexity adaptive cubature Kalman filter algorithm

LI Chunhui, MA Jian®, YANG Yongjian, GAN Yi

(' Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: Cubature Kalman filter (CKF) with good filtering performance is one of the deterministic sam-
pling filtering algorithms, but it is not able to overcome the impact caused by the target model uncertainty or
the mutation of the target state. Constructing strong tracking CKF can effectively improve the adaptability of
the algorithm, but the computation is greatly increased when solving the fading factor. A low-complexity adap-
tive CKF algorithm is proposed to solve the above problems. By establishing adaptive judgment criteria and
amending method based on innovation sequence, the predicted state value is directly amended, so that the fil-
tering algorithm can keep up with the real state of the target in time, and thus improve the filtering accuracy.
The complexity of CKF, strong tracking CKF and the proposed algorithm are calculated and analyzed by using
floating point operations. At the same time, the above three algorithms are applied to target tracking with inac-
curate modeling, and are verified through simulation. The simulation results show that both the proposed algo-
rithm and the strong tracking CKF algorithm can maintain better filtering accuracy and numerical stability in
the case of mismatched target modeling, and the proposed algorithm has obvious improvement in algorithm
complexity.

Keywords: cubature Kalman filter ( CKF ) ; target model uncertainty; strong tracking filter; adaptive

amending; algorithm complexity
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