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Fig. 1 Geometric model of contact between

mixing head and weldment
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Fig.3 Comparison of instantaneous flow vector of surface
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Fig.6  Weldment with copper foil on the surface
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Fig.7 FSW weld cross-section metallographic
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Fig.8 UAFSW weld cross-section metallographic
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Influence of ultrasonic energy on weld formation of
friction stir welding of aluminum alloy
YANG Kunyu'* ", PENG Bin', YUAN Zhaogiao', SONG Jiayin' , HE Digiu’

(1. Department of Aeronautical Machinery Manufacturing, Changsha Aeronautical Vocational and Technical College, Changsha 410124, China;
2. Hunan Aircraft Maintenance Engineering Technology Research Center, Changsha 410124, China;

3. State Key Laboratory of High Performance Complex Manufacturing, Central South University, Changsha 410083, China)

Abstract: In order to find out the influence mechanism of ultrasonic energy on the weld formation and
weld defects of aluminum alloy Friction Stir Welding (FSW ) , the combined method of numerical simulation
and experimental verification was used to design the comparison of the flow field simulation and test between
Ultrasonic Assisted Friction Stir Welding (UAFSW ) and friction stir welding under the same process condi-
tions. The flow vector and metallographic structure of the thermoplastic metal on the cross section of the two
types of weld are analyzed to find out the flow changes of the weld metal after ultrasonic introduction. The
analysis results show that the introduction of ultrasonic energy makes the horizontal flow pattern of the metal in
the friction stir welding of aluminum alloy evolve into a sloping flow mode, the two upper and lower independ-
ent flow fields are unified, and the lowest flow rate of the weld metal has up to one order of magnitude
improvement. The integrity of weld formation is significantly enhanced, and the weld defect rate is greatly
reduced.

Keywords: ultrasonic energy; aluminum alloy; friction stir welding; sloping flow; weld formation; de-

fect rate
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Multi-scale joint estimation of SOC and capacity of lithium-ion battery

YANG Shichun"*, HUA Yang', GU Qimeng', YAN Xiaoyu', LI Lin®

(1. School of Transportation Science and Engineering, Beihang University, Beijing 100083, China;

2. School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: The State of Charge (SOC) and battery capacity estimation of lithium-ion battery are the core
of battery management system. Because the parameters of SOC and capacity affect each other in the estimation
process, a multi-scale joint estimation method for SOC and capacity of ternary lithium-ion battery is proposed.
In this paper, we use the equivalent circuit model of Thevenin to establish the mathematical model and state
space equation. In order to solve the problem of different characteristics of battery at different temperatures,
model parameters identification was carried out at different temperatures, and the two-dimensional pulse spec-
trograms of parameters related to SOC and temperature were established. Based on the Dual Extended Kalman
Filter (DEKF), a multi-scale joint estimation model of battery state is established. The SOC and polarization
voltage of the battery are estimated on the micro-time scale, the capacity of the battery is estimated on the
macro-time scale, and the capacity of the SOC estimation is updated to ensure the accuracy of battery long-
term estimation. Finally, the proposed multi-scale joint estimation algorithm for ternary lithium-ion battery is
validated in a wide temperature range, and the result shows that it has high accuracy.

Keywords : lithium-ion battery; State of Charge (SOC) ; capacity; joint estimation; multi-time scale
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Fig. 1 New exhaust residual pressure utilization system
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Dimensionless study on efficiency of new exhaust
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2. State Key Laboratory of Fluid Power & Mechatronic Systems, Hangzhou 310027, China)

Abstract: Using the energy equation, state equation, motion equation and mass flow equation, the basic
mathematical model of the cylinder backhaul process of the new exhaust residual pressure utilization system
was established. The appropriate reference value is selected to make the mathematical model dimensionless,
the software MATLAB/Simulink is used to simulate the dimensionless model, and the influence of each dimen-
sionless parameter on the exhaust recovery efficiency is obtained. From the simulation results, it can be seen
that the exhaust recovery efficiency is mainly determined by the dimensionless natural cycle, the dimensionless
effective area of the air inlet, the switching criterion and the dimensionless supply pressure of the cylinder.
When the switching criterion or the supply pressure of the cylinder increases and the exhaust recovery efficien-
cy decreases, the efficiency can be increased by changing the dimensionless effective area and the dimension-
less natural cycle of the air intake. For the determined cylinder drive system, the exhaust recovery efficiency
can be improved by changing the volume of the tank.
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Fault diagnosis method for wind turbine pitch system
based on modified IMM
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Abstract: Aimed at the diagnostic accuracy reduction, speed drop and estimation accuracy loss caused
by the fixed model transition probability of Interactive Multi-Model (IMM) fault diagnosis method, this paper
proposes a fault diagnosis method based on model transition probability and model probability modification,
which is combined with the Particle Filter (PF) to achieve multi-fault diagnosis of wind turbine pitch sensor.
In the non-mode-switching phase, the posterior model probability gradient information is used to design the
modification function of the model transition probability to suppress the influence of noise on the accuracy of
IMM estimation. In the mode-switching phase, the model probability inversion strategy is used to quickly
switch models to compensate for diagnostic delay and error diagnosis caused by model soft handoff. The simu-
lation results show that the fault diagnosis accuracy, model switching speed and state estimation accuracy of
the proposed method are improved.

Keywords: wind turbine; pitch system; fault diagnosis; Interactive Multi-Model (IMM) ; Particle Filter

(PF) ; model transition probability
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Table 3 Comparison of natural frequency and vibration response results among uncoated model,

unoptimized coated model and optimized coated model
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Damping anti-vibration design and optimization method of
composite skin with hard coating
ZHANG Bocheng' ", ZHANG Jian®, ZHANG Zefeng', HU Jingze'

(1. Department of Dynamics, COMAC Beijing Aircraft Technology Research Institute, Beijing 102211, China;
2. School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract; To solve the local vibration problem of thin composite skin in civil aircraft, damping anti-vi-
bration design method with hard coating is proposed, and multi-parameter optimization method was carried out
in consideration of the effects of structural parameters of coating on the mass and natural characteristics. Based
on the finite element method and classical laminated plate theory, dynamic equation of compound structure of
composite skin with hard coating was established. Feasible direction method was put forward to obtain the opti-
mal combination of hard coating material performance parameters and thickness parameters to achieve the max-
imum reduction of resonance peak value, with constraint conditions of given mass increase and natural fre-
quency change range. The optimization example shows that by reasonably designing the parameter combination
of elastic modulus and loss factor of hard coating, a higher resonance peak value attenuation can be obtained
with a thinner coating, and the optimal anti-vibration performance can be obtained when mass increase and
natural frequency change of skin caused by hard coating are controlled in the design range.

Keywords: hard coating; composite skin; damping anti-vibration; dynamic modeling; feasible direction

method
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Fig.3 Propellant allocation scheme of anode
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Optimization of anode propellant allocation manner of 10 cm
xenon ion thruster based on CFD
HU Jing"> ", YANG Fuquan', GUO Dezhou', GAO Jun', ZHENG Maofan'

(1. Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, Lanzhou 730000, China;

2. School of Materials Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: The concentration distribution of anode propellant in discharge chamber and its gradient design
is one of the most important techniques in discharging mode reliability design, and it directly influences the
ionization efficiency and discharge stability of anode propellant. Aimed at the application requirement of multi-
objective attitude and orbit control of spacecraft for 10 ¢m xenon ion thruster, by using the Computational Fluid
Dynamics (CFD) method, the CFD model for analyzing the propellant allocation manner is established, which
consists of the propellant, the inner tube and the distribution ring. The pressure and velocity distribution rules
of anode-ring propellant in different allocation manners were studied without discharge progress to ameliorate
circumferential uniformity of propellant in 10 cm xenon ion thruster discharge chamber and improve its utiliza-
tion efficiency. On this basis, the influences of anode propellant allocation manner on the propellant distribu-
tion characteristics in discharge chamber were analyzed. And the performance of anode-ring before and after
optimization in 10 cm xenon ion thruster are compared. The results show that after the improvement of the
anode propellant allocation manner, the ion production cost drops from 277.9 W/A to 241.2 W/A, and the
propellant utilization efficiency in discharge chamber increases from 91. 7% to 98. 4% , which verify the
correctness of CFD calculation results and the feasibility of the CFD method. The results of this research will
certainly provide method for the topological structure design and optimization of the discharge chamber of ion
thruster.
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tion manner; ion production cost; propellant utilization efficiency
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AlL((30.)

-1 i T i\ -1 4T I = wr
-eEE,) A, + -HH
Ay

&
(58)
(B, + . AE,)Q, (B, + HAE, )" <

R,
‘/' m m

&

B,((Q,,)" -&ELE, ) B!

(59)

Bz 2 (58) F=(59) AT 15 3 3 B 4hie .
iE &

= E| (xk—W+I

EXLLF B R P

}Le\'n) (xk—s\‘ P,

- X )P, = Ef(x,,
) (e =X O IR P R P
R Py, P, \,.ka@Lﬁ,mJﬁuwﬂm@
P, =[I 0] . [I 0] (60)
P, =4 (P, —Bk_NQWBl_mAk_W (61)
3.2 CIp&fhitss

TER 2 kil A vp 0 R R B A 30 X,

AT JRFERW L, EPH T =0. 1,
AHx,=[10 10 10 -2 -2 -2]",
RE SCHR T I 25 0 A 1) R 2 % R pR O

IR RN

N(x;ﬂz,f‘) —
— xeS
Ni(x:m,C,8) = fN(x;m,C)dx
S
0 HAthy
(67)

KN (xsm, C) Dy IEZS I3 A1 B3 55 2 Bk K, m
I C 53530 g 78 B B S (B AN 7 225 S 78 4k 22 5t
PR EE A

w, vy Fl v SR L ST B AL AR i AR
JEE eR 5190 M

NT(wz;Osxl»a'vaz’[_lema'wls]z) (68)
Ni(v; 50, (o), [ - 0,,0,]") (69)
Ne(v} 50, (o), [ - o,0,]) (70)

.o, =0.5,0.=0.6,0.=0.7,
4.1 BEMEITRERERIE
PLURERAG 7145 1 6], AR 4 =X (26 ) 32 B AL
e M =1.R =101,k H=0(5) Frs i % £t 1k
LB p 4 0.5.0.8.0.9 F1 1,6 5% &AL
XF JRy BB AR T 45 00 52 o R AR % R Ah 4 R
T E AR S SR R G RS UE
M. LB, e By =0. 8, R g0 g
P I T M e S 2 X (68 ) (2 (69) it i MR
R R, %ﬂizﬂitﬁ x,=[10 10 10 -2
-2 =207, AT 100 SRR P 05 B IR
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PR T 192 5 i i% 2% (Root Mean Square Errors,
RMSE) , £ R 018 2 fros . Safb®% B 1 (Joh
fb) B A B, B A% B 0.9 A1 0. 8 B, RMSE {H
BRI AS B, U8 IS TSR ) R 2 HAT L
UFR AL BEOCR o ALEEE N 0.5 i, RMSE {# W]
WHGR, H RMSE il £k P sl 85Kk, Ul B 53 123 %) 1k
TR 2E AL BRRE ) A —E YRR EE o S bR AT
g 238 T P01 0 2% B TN 3 iy B 45 T BOR 44
HARZE,

WEMFEN 0.8, HALHEE N 0.9, (54
TS X R FR A T AR PERE RO I . 18 3 A T T
TUIU M SR 0 i AR SR B T Bk
PEREHIZR . AR, T WO A SR e i SRV BA
AR ROCR

P2 Al BE X R AR Ak T % i 5

Fig.2 Influence of quantification density on local estimator

P 3 b S e X Jo A A T i B 52

Fig.3 Influence of compensation strategy on local estimator
4.2 5% MHE {858

BERAR y =y =0.8 Wb #E p=0.9,
Wiy 9 3} =35 = 0.250, AT 100 SR
B 5 H,IF T3 RMSE SR B IER L o fE . 14 4
XtEE T 45 R Al T A S RS AT AR TR RE, AR
B S AT AR RE AL TR Al a8 o &1 S K ar A s
MHE 5 R /R & 38 B4 s MHE fPEREREAT T

4 JR AL T Ay S RS A T AR TE X L
Fig.4 Comparison of performance of local

estimators and fusion estimator

KSR T PR RE X 1L
Fig.5 Comparison of performance among

different estimation algorithms

XtE o ATRAF 20 i 20 MHE 503 i PR B I T
ROR U P, 5 5 v 30 MHE 53035 2250 A K.
FEAGTTAE L A2 A A KB AT 4R T, 70 fii 50 MHE 5
TEAETH SR ke B 25 2 O T bE 46 b 30 MHE 5
EA WAL W, 7 A 20 MHE 53k B 30K
F149 1oL FH I

5 & it

1) it 7 ZA AL~ i s A
SR FH T A2 BIL ] Ak 2825 0, 2% B A IR 22 i
FEEE R B0, 30 o SRR [ IR A ) min-max [A]
AR BN R S S AG T dr o D HA SRR %A T
i REA A B 25 ) MRS A0 5 A T DR 25 A 33 1 )
R

2) Sy #r R T AR B AR E L A B TR A
TR 22 VRO J5 W B 58 03 5 A o Ak —
FE A3 45 AT LA R Bl iR T eb ) A B it AT
Bt 4 L T L5 MHE 539K 52 i 3 3 21 ik
M R R 4R TR ROR
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Distributed moving horizon estimation under constraints of
quantized measurements and packet dropouts
LIU Shuai', ZHAO Guorong" ", ZENG Bin’, GAO Chao'

(1. Coastal Defence Academy, Naval Aviation University, Yantai 264001, China;

2. The Chinese People’s Liberation Army 92095 Troop, Taizhou 318000, China)

Abstract: Aimed at the problem of network constraint, distributed state estimation for networked systems
with packet dropouts and quantized measurements is studied. A group of Bernoulli distributed random variables
is employed to describe the phenomenon of packet dropouts, and a prediction compensation mechanism is ap-
plied to compensate the packet dropouts. Quantized errors introduced by data quantification are described as
parameter uncertainty in the observation equation, and the local estimator is obtained by solving a min-max
problem in fixed time domain. The stability of the local estimator is studied, and a sufficient condition for the
convergence of the expectation of the square norm of estimation error is obtained. For each local estimator, the
recursive formula of the upper bound of the error covariance is derived, based on which a distributed fusion es-
timator is presented by using the Covariance Intersection ( CI) fusion algorithm. The simulation results show
that the proposed algorithm can effectively reduce the influence of packet dropouts and quantization on state es-
timation.

Keywords: distributed moving horizon estimation; prediction compensation; data quantification; stability

analysis; Covariance Intersection ( CI) fusion
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i B U, T LT REAN A TREN L AT R (AD S KA %40
SHEMEFEHOTREBGRERE., EARF IS AR FEANAEEMEIREN 24T —
H, AR EN SRS HAESG ALE R RAER LK, Hib, RET —MET %5 ALY
WAMAR G RAEM T F, CAREREMETANT E, ELAGHTE R 048 ALY
AL ERBEEATEARMEN, X TRAZERE . 1T CPU/GPU fn FPGA, fii &
RMAZRHERNEENE FAAGRARR MR ETEE, TREA, ZHARARRE
T4 ALY R a5 & GRA R AL R

x # i
A

hESES: TPI83

XHERARARRD: A

I AE Dk B 25 B 58 R0 T 3 R, TR EE A )
(Deep Learning, DL) " {3 1E 15 45 149 18 35 5 51
BGRB8 R/ 51 2 R 6 S5 SUEGIE B
THRIRACH MR, s T RS AT RE (Arti-
ficial Intelligence, AT) A= 7 [i] B8 K STUIH AE /1, ¥R
JE 3] SR WL 4% %% 2J ( Machine Learning, ML) 43 3,
e ADEHEM T REERMEIC R
PR RIS Y I HE SR .l T IR BE 2 ) 1l R
(Training) FIHE W (Inference ) ¥ 75 2K 38 (19315,
AT FUIE AL T i A B R A TH S RE D B, 1E 58
[ CPU 4b 3 £ B4R B 5 R iy 45 1l B 1 A
P ke Ab SN ) (1 5040 28 Y (H HL 5 5% 58 40 W L
SCREE UL e v W S AR AR O SCHE N RS Al i 2
Hiz W BIeH X 80, ANl & R IE A7 80 18
SR AT CPU Ab 85 52 IR i 2 ) L AN RE WG 2
LS E R . ML S CPU, GPU™ By ki
BREIT, LT TPATE A BUF s 5, X R 2R Al
48— HICHOME g R B K . Bt GPU WA &

B, ERESC, EAE, XY, B

(1. dbrtE S a BT e B, bt 1008545 2. fii KB T4 (5 R BA A A, bt 100048)

RE#; AmATHER(ADE s #RETH; ERESHMA WL D

XE4HS: 1001-5965(2020)08-1494-09

TS Bl 28 70 BT R FL G (0 A GPU s 4R
WA~ GPU JEAT TAE 1y b BE AR L T B A [H)
S P R 10 S AR E s L B . 5 GPU AN
CPU # k., FPGA ™ 4 i B =5 . i #6 311X, A R
FPGA SIS I 4 27 > B 4 on g ol 8%, {HLJ2: FP-
CA VER“ RS A BT S A R 1T 91 1A
W P R, LA TR R R 0 A B D L
i3 AE B £ FPGA A% WU ; HL FPGA /b iy
7 VS T RS SR (17 A R B AT, R R 75 50
PETF AE B A BB, BT 29 T e RE

AT R T S B SE SO RSB AT AL Bk
Bt R o AL R PE N HES) AT BRI Wr gk 25 i)
LA, B 25 T 3 7 SR 00 S W 94 K, 4% A 458K
1 B AT X 2R 7 D A A 5 A 4
MR Z

MELA (9 T 3 B0 3% 5 0 BE 2 07, AL A H
RIS B g W D7 1) - — A by R R 3 1 25 3
R 3 I3 R 2 2 i Al R o ot o A
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THRE A BE S0 A, AL i E S5 O 2R A B 2 4>
155 . HED, AL 70y 20 7 5 5 A1 & i
Lo v AL 6] i A U 2R A e 3 2 4
e 2k B )R8 I XTI 28 A5 AR TR B AR
U BE AR AS HEAT I 25, 15 3 19 26 2800, 0 B
THC AP BE N AL PR B2 A A A R, B —
JE [958 FH A LU PRGIE BE 9% 56 i 22 R 1 77 2D AT 555 4
PR T B RE S 0 I i i s ST A ) 2 A Y X
BT B A R AT R B 26, WA R T AR %
(Back Propagation, BP) (3] fe, HHI T =¥ Al
BN R TETE SRS BE Ak B R A E M T 2% i
AT R SR BAR . AH S, 76 7 R 56 07 T, 25 i
AL T B WL AL, TR Ao AT Fr 2 H 4%
e A R R Bz P o H FTUI R0 4 2 ) R
B v AL R 58 e (H & BOR & J AT oKk
WU T BT U6 8 40 ) 2 AL R 5685 0 B
AT B A RLRE ) B I R R S RE T
Bl ( Smartphone, SP) | /& ¢ 2 B Bl B & 4 (Ad-
vanced Driving Assistant System, ADAS)'®" & #1
PUSE B # ( Computer Vision, CV) ™) |t #0352 i%
% ( Virtual Reality, VR) " i 7% 3¢ H % 4 ( Voice
User Device, VUD) L) & #L#% A ( Robot)

LRI, A8 7 2o AT S R 10 i AT A9CRE T 78
O AN ET I Gk R e i SRR A BHiE A O Y
B o 2 o AL GES Ak BRAE 1 8 A D 1
YERT, BB fd HT A4 55 — 2 19 2 B 7 )1 hoad 72
PR REAS A BRI, A TE I 0 R S 5
R AR R LS B 1) o3 A 22 S R, S EOHE B A LU
AR o ATLE/NREATT 50T, 58 T SE A I
NFE R IR o7 ] iy AT REZR, X4 22 f) 28 2
AT SR AR A AL LB v T P A, e ¢ a3 5
AR B 3 S AR ST 9 1 L R

AR SCEE XS Fak ), ZERE A BR1G &0 T, 3 AL
A e 2o AL R 2R AT T0RSE . Bt R
Ff AL R AL AR 5 ik 5 A R B A R A AR I B R
( Convolutional Layer) , R 4% i J2 A~ 22 4 ¢ fiE 14 B¢
Jay B AR ALE A5 P AH OC 000 2% J22 2 8, M) T 83l AT 8
e PEREAL R BE T, X 25 ) 4% A5 TR 2 B A7 Rk
Se AV 1 A DK = P R ) S N
Kaggle % 4fs 5 04T 9290 003, #5415 i JH IR
JErE R NSEI &R ) LLAS 2, al A4k B 15
AT R BB 8% #E R T BT I 2R 500 1 100 T 11 Ak 1) 2% A5
RIZH AR w7 A AL Fr i) 3 1 AR )
W . TEMLHERl b, A SCR SR 1 7 —Fdk T AT
S RTALAL Bt AT Ab B BT A i i
T4 B AR BRI 2, W 2 AT CPU GPU 1 FPGA

1 EAREIEFIA

A0 AL B B 28 W % ( Convolutional Neural
Networks, CNN) " 8 2 56k CNN 45 BURZ 1) #48 %%
fif e, 3k HLAY Al AL 45 AT AL CNIN AR 7Y v ) 4
2. CNN BT £ )2 AL (Multilayer Per-
ceptron, MLP) """ JRAERLEIA T 2 A F % 132
BN L, 76 CNN JERl F R R TR £ 8k
(908 B % 2] 513k, 4 AlexNet' "' | VGGNet' ™ |
GoogleNet[m _ResNet'"™' _SeNet'™™! 1 YOLOv3®’
SER LR AR o T AR SR AR AR 0 28 AR BT g3 Sl
R — R TR B A nT AL, X 2R 07 A
7 4L BP Bk X & AR HEAT AT AL 2807
HHR 1 R 7E C A B R AT — UCHT 9] 4% 1, X
A A R W L 5 R 114 ) 25 R R AT T A S
—RIT R T B R ] A, AR s BP &5
X o3 2R AR A a5 4 E 2R R R AAL, LA B
AL (ES

HEAHEM I RE M Lo AL S R AN H 4 BP
S, JOVE H AU A TR A BN 2% B B S 0
AR SR T A M B A AL W] AL B X R AE 2
HEAT B A BRAL B, S0k 5 B ) R 1 4 AR AT
R R B 2 8, AN BP T RE, G5 B A B,
%2 B H .

W T L ZFNet 7 B B i AR
B, 2014 4, CNN AT PR LD 22 A 8
AR GAL R AlexNet HE47 T 0] B4k, I ML 45 w)
MACZE R IE T AlexNet, SCHR[ 14 ] #2117 —7Fb
B R AL AR 5 s TR R AR R AR AE 2
5 A Z 18] A e R O &, LA T AR R LAY 3%
SCHRASE F 1 A BRI 2% Ak 3 75 325, K 800 S 1l
A JER W SRF [ o A JE AR 2R A5 M) e Ay AT B
Je 7 Hh B — JZ X 4 AE Wt B (Feature Map) Hixf
—NEE RIS E W, — A G I 2 (De-
convolutional Network , deconvnet) ""®' T L 4% & i
A B 4 AR 3 A A5 A () A AT A AR Ak B
AL AE AR A0S ), HJE R T T AR S g 2o 2
e FRAE S B B 1] B G R R 2

R AT A PR AR IR 1 B R . B R
AT ALAR AL B E Y 2 DA I p 28 ) 2 A 2 i 4
IR RFAETR B o DA J2 A B S 15 2 A9 FRAE 11 25
AR Tt A N RRAE 18] 45 5 AT RO FRAL 3, i agt
HBRRZ BEZZER . ARR— 14 %E CNN
WO AR SCRURE I B0E R IE )2 4 — D
TR 2%, SR 5 R AT B Al RO iois | B 4 FRUAL 3.
R EREREREREAZ .
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Fig.1 Deconvolution visualization process flow

1) S itifk (Unpooling)

TE 4 PRI 22 /) 2% 1, max-pooling 4 1 1 #2 AN
A3 E AT LUE o — R A1 switeh A2 Ok 0 S AR
T R TP B RO (B A A AR AL ROt AR 2 S (AR
B, HC s vt A 2o R r d5 ORI B i TE 1 6 A
PRA L AR BB E N O,

2) JE (Rectification )

ST A B G AR R T A0S o R — B
ReLU pR %, iXJ2 M T CNN fifi il ReLU LL#ff f &
J2 i 3 TR AT i 1 K, B ORGP ) i R )
R AIE P15 S A, Ul B IR o R R S O i
FEWA 2200, WA R T ReLU pRi %k,

3) & F(Filtering)

A B AR P 27 2T 3 0 Aok I8 85 X R AL I S [
PEAT BB, I B B X A e, s RS T %6
FRAZ I B T Ok R AT 45 AR R AT o

W7 AT T AR B TR AR R A A
Zia HATM LN AR Zom ALS R 5 TR &
S AN e A BRIV a] RO AT S8 R Y 300 AN
B RTIRE , S fb 55 1 X 3 A ] WAk o R S e A
ANV o Horh, s B A B R
B C B, TERE A AT S Ak B AT R 5 (5 P AR %
VIR AT 5 AL B, 9K 5 0 T O0s e 1 46 B D) RE 58
W RIB T

A BT AR B 15t 2R G v A BAT 4 B 42 Y
LRAS I Lo AL b S B, TG A8 e R 2R
F, T AT RO I 2 s AT GRS R B3 P

CNN B IR 2 — & B BT
A BAT TR S5 BT 22 R 2% o A R B 22 I
% 41 F5 % FL)Z ( Convolutional Layer ) Fl i 4k JZ
(Pooling Layer) . N 2 fi7w , 45 2 W 25 3 A —
M ANJZE, Z A ERANL)ZE , — e 2 ek

K2 B a M S

Fig.2 Convolutional neural network structure
2, M —A ka2 R S5 . R A S
3 9 PR o R - g A JZ S RO AR )= O AR R
IS o, A% R A R T DUR AR — Aoy 2K AR
1 i A — U0 114 TR B R AR 2 s i K AR 19 i
IR AR A WL RISV H 2k G T B RS R R,
P 20 2R 3 0 v SRR HEAT 7028 o F2 BEAR PR
FEANPE 2 Frm

2 A AL EBEHRAE

2.1 ETREZITAULSHEBMRML

AT RGeS R B 2 A e ) 2k
Aok A H i B R R A AN B A O i A DI
O 2 TR TR JRE 1 22 ) 2% A Y 3 3k B 1) A 4 R AN
W O Ak W0 46 280, DA Sme /N 4 BRI R 3R 2% 5 4 B o
T 2 T P I 2 e 1 10 205 A5 T Xk B 114 B a2 AT
R N S AR A T R R 2% A
B PNV AT 50 2 0 2 75 2 ) B A2 40 R AR A i
Fris RN TNt 2 A B R

WP 3 FroR AR B R BUA S R B
PR 5 1 282 [ I H A I 5 9 B 2=
SR, H 2 R R AAERREM & .l . b
& ALRL S b BT R B8R A B POl 2k
SN I N LY g Sk

B3 AL F 2 o 2 3 DX 33
Fig.3 Difference between Al chip

cloud and terminal
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o B 2R 6 2 ity ot R Ak BRRE R 2 o e PE B 1R
FH, LB 9 4 — 2 09 2 O e ) i A o e
He o (EEAR 20 10 1A 0 5 5 T TR Tk AR UK ek )
FEBCHE , L Anficd B bz st 3 % TR AU O
i 1 7 3 T IR 2 AR SF . Wl FE R FE IR
0L R e 75 e siiots H b HEAT R B S 80 A L3R
PR A SCRIFE 0 B A A SCER X b 3R 1)
S0, o A A B ) ¢ 5 A 4 — R T R

AT I G 0 8 R i AL A BP g,
T X i 25 ) 2 R AT BB AL RS . TE /AR
ARG T AFAE VI ik B o ol 5, (L 76 44 3 o o 3
(OREAS . B, 68 F I Rt B2 A5 2 10 280, 1E AU
i T B B R S AT S BT T RE AR K
X3 A ] B, AT VA L A B vk T L R
A 2, 2 75 T LS kAT b B b 38 o 226 ) 4% 5
BT AL, LA R R G o SR i 7

ASCO ICHEAT IR R, FF 88 th — P g e 7 52 < R
Y Al W A 0 W LA B 3, O IR B 2 5] 45 )2
B FRE 2 AT S 8 BT LA A B, A T Bl E A
R 22 REAR , X W 205 51 S5 A B A O I 2% 2 R AT B
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Visual feedback system applied to Al chips
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(1. Beijing Institute of Remote Sensing Equipment, Beijing 100854, China;

2. Aerospace Science and Industry Network Information Development Co. , Ltd. , Beijing 100048, China)

Abstract: Currently, terminal Artificial Intelligence ( Al) chips responsible for inference are commonly
used in the market, which use trained parameters to perform fast and efficient calculations on data. However,
the training dataset usually has different distribution with the real-world data, and the parameters obtained in
this case lead to a decrease in the accuracy of the terminal chip recognition. To this end, this paper proposes
a visual feedback system architecture method based on terminal Al chip. Using the deconvolution feature visu-
alization method, the convolution kernel parameters are iteratively optimized on the terminal Al chip with high
computational performance to achieve the purpose of recognizing the image. Compared with CPU/GPU and FP-
GA, the architecture proposed in this paper has more efficient processing capability and flexible plasticity in
the convolutional neural network model. Experiments show that the research effectively improves the universal-
ity, recognition accuracy and handling efficiency of the terminal chip.

Keywords: deep learning; terminal Artificial Intelligence ( AT) chip; convolution layer visualization;

convolution kernel parameter optimization; small sample
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Fig.4 Variations of altitude and thrust changing with time
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Table 4 Comparison of trajectory parameters
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Reentry trajectory planning for range-extended
hypersonic vehicles with boosters
FENG Yue, WANG Rongshun, MEI Yingxue, SUN Hongfei, WU Liaoni”

(School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract; A reentry trajectory for a hypersonic vehicle with an accessory rocket-powered engine is opti-
mized in terms of the ignition time of boosters and the fuel consumption, based on which a reentry mode of
range-extended trajectory is proposed. The analytical solution of Sanger trajectory reveals the conditions of the
attack angle and initial velocity for the vehicle to travel the longest distance, which can be used to manipulate
the boosters with the goal of maximum travel distance and minimum fuel consumption. The reentry trajectory is
designed as a combination of Sanger trajectory and quasi-equilibrium glide trajectory. In the first stage of reen-
try, the vehicle flies along an equal altitude quasiperiodic trajectory guaranteed by boosters interval ignition,
and ensures that the range is longest. In the second stage of reentry, the vehicle flies along a quasi-equilibrium
gliding trajectory which is the solution of an optimal control problem with trajectory smoothness and distance as
the performance index and the problem is converted and solved by constrained nonlinear programming. Final-
ly, the proposed reentry trajectory is simulated and the results show that the trajectory is quite analogous to the
so called “stone skipping” under the conditions of sufficient fuel and appropriate path angle, which can effi-
ciently use its mechanical energy of a stone to long range over a lake. Compared with the trajectories with
boosters working in different modes and the trajectories solved in different ways, the proposed reentry trajectory
has 3.47 —3.84 times range, 1.04 —1. 18 times end kinetic energy and 4.47 —15.79 times fuel availability.

Keywords: hypersonic vehicles; booster; range-extended; reentry; analytical solution; “ stone skip-

ping” trajectory; trajectory planning
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Fig. 1 Simplified process of SADP
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Table 1 Recipe of silicon nitride in AMAT BMK’s handbook
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SR Eieil A i Eieil Eoai
SE I Je i % I fi i 22 ] i 78 22 I i i I fi i 22
e KW I [A] /s 7 15 3 R & 10
R o Jc Jo Jc Jc

5 JE/ torr 4.2 4.2 4.2 4.2 TFO°
R L /W 0 150 440 440 0
BB /C 350 350 350 350 350
TR R TR/ mW 0 0 0 0 0
TR 7/ mil 350 350 490 490 It
SRS TR NH, NH, SiH, SiH, SiH,
AR/ scem 75 75 75 205 -2°
KA R N, N, NH, NH, NH,
ARG/ scem 5 000 5 000 65 65 -2°
RZ TR N, N, N,
AR/ scem 5 000 5 000 -2°

T rscem AR HELS THEE 23 80 i 5L AE ; torr 9 JE S B Ttorr = 1.33322 x 102 Pa;mil AFHAA 1 mil =10 3L,
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Table 2 Experimental configuration of six wafers
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Fig.2 Resistance of interconnect systems and
breakdown voltage accumulation distribution

with different Ta thickness
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Optimization of diffusion barrier process on copper interconnection

FU Xiaojuan'?, ZHAO Yigiang" ", LIU Jun®, SONG Kaiyue'
(1. Tianjin Key Laboratory of Imaging and Sensing Microelectronic Technology, School of Microelectronics, Tianjin University,
Tianjin 300072, China; 2. Yangtze Memory Technologies Co. , Lid. , Wuhan 430205, China)

Abstract . Facing the problems about low breakdown voltage and poor reliability of the metal interconnec-
tion, the copper diffusion barrier including the thickness of the tantalum barrier and the quality of silicon ni-
tride barrier film was studied and optimized. The Self-Aligned Double Pattern (SADP) method can reduce the
critical dimension of metal interconnection and cut down the thickness expectation of the interconnection wire
diffusion barrier. In this paper, the resistance and breakdown voltage of metal interconnetion system are com-
pared and analyzed in detail by preparation of tantalum barriers with different thickness. It is found that the
hard tantalum material has an impact on Chemical Mechanical Polish (CMP). As the thickness of tantalum
decreases, the resistance and breakdown voltage of the interconnection system will increase, and the over-thin
barrier will degrade the performance of the barrier and make the uniformity of the whole wafer worse. Mean-
while, the presence of oxygen at the copper wire interface can greatly reduce the adhesion of silicon nitride,
which degrades the performance of the silicon nitride barrier. In this experiment, the adhesion of silicon ni-
tride is analyzed by feeding different flow rates of ammonia during the ammonia treatment stage, changing the
pre-deposition time and increasing the transition stage in the pre-deposition stage. Experiments show that the
adhesion of silicon nitride can be improved with the increase of ammonia flow rate, the decrease of pre-deposi-
tion time and the addition of the transition stage, and the blocking ability of film is improved.

Keywords : interconnection system; copper diffusion; diffusion barrier; tantalum; silicon nitride
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Table 3 Experiment results based on posterior information

Z  t/min Z  t/min G Z t/min G
1 260.0 0 260.0 0.1 0 287.0 0.1 10.4
2 304.5 0.1 304.5 0 0 304.5 0 0
3 300.0 O 300.0 0.1 O 304.5 0 1.5
4 242.0 0 245.0 0.1 1.2 261.5 O 8.1
5 281.0 O 281.0 0.1 O 287.0 0.1 2.1
20 6 264.5 0.1 264.5 0.1 O 267.0 0 0.9
7 328.0 0 356.0 0.1 8.5 356.5 0.1 8.7
8§ 358.5 0.3 358.5 0.1 O 360.0 0 0.4
9 232.0 0.1 232.0 0.1 O 243.0 0.1 4.7
10 346.5 0.4 362.0 0.1 4.5 370.5 0.1 6.9
B 291.7 0.1 296.4 0.1 1.4 304.2 0.1 4.4
1 315.5 0.6 3155 0.2 O 315.5 0.2 0
2 262.5 0.7 300.0 0.2 14.3 300.0 0.1 14.3
3 344.0 0.6 369.5 0.3 7.4 369.5 0.2 7.4
4 353.5 0.6 353.5 0.1 O 353.5 0.1 0
5 250.5 0.9 250.5 0.4 0 250.5 0.2 0
30 6 249.0 0.7 256.0 0.3 2.8 256.0 0.3 2.8
7 398.5 1.4 398.5 0.8 O 406.0 0.6 1.9
8§ 261.0 0.7 261.0 0.4 O 261.0 0.1 0
9 448.5 1.8 448.5 0.6 O 448.5 0.4 0
10 383.0 1.1 394.5 0.5 3.0 416.5 0.3 8.7
¥{E 326.6 0.9 334.8 0.4 2.8 337.7 0.3 3.5
1 543.5 126 543.5 4.6 0 544.0 3.3 0.1
2 538.5 42 541.0 3.8 0.5 541.0 2.9 0.5
3 815.0 137 848.0 4.7 4.0 903.5 3.3 10.9
4 667.5 92 667.5 3.5 0 682.0 2.1 2.2
5 803.5 180 803.5 4.6 0 835.0 3.4 3.9
60 6 547.0 38 552.0 3.1 0.9 567.0 2.9 3.7
7 440.5 30 458.0 3.7 4.0 458.0 2.8 4.0
8* 665.5 180 750.0 3.0 12.7 756.0 2.8 13.6
9 506.0 142 506.0 4.7 0 522.0 4.1 3.2
10 587.0 83 618.5 3.7 5.4 618.5 2.4 5.4
¥{H 611.4 105 628.8 3.9 2.8 642.7 3.0 4.8
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Table 4 Experiment results of small-scale example
v g S5 4 S S L6 S 7 S8
GAP, Z GAP, Z GAP, Z GAP, Z GAP;
1 260.0 0 260.0 0 260.0 0 307.5 18.3 265.0 1.9
2 309.5 1.6 310.5 0.3 310.5 0.3 358.5 15.8 313.5 1.3
3 300.0 0 300.5 0.2 304.5 1.5 363.5 21.2 324.5 8.2
4 262.0 8.3 262.0 0 266.5 1.7 356.5 36.1 271.5 3.6
5 281.0 0 284.0 1.1 281.0 0 357.0 27.0 299.0 6.4
20 6 271.0 2.5 275.5 1.7 268.5 -0.9 390.0 43.9 285.5 5.4
7 356.0 8.5 361.0 1.4 356.0 0 369.5 3.8 368.0 3.4
8 366.5 2.2 366.5 0 364.5 -0.5 419.0 14.3 378.5 3.3
9 234.5 1.1 234.5 0 241.5 3.0 356.0 51.8 243.0 3.6
10 364.0 5.1 365.0 0.3 370.0 1.6 392.5 7.8 370.0 1.6
i 300.5 2.9 302.0 0.5 302.3 0.7 367.0 24.0 311.9 3.9
1 315.5 0 319.0 1.1 315.5 0 317.5 0.6 315.5 0
2 302.5 15.2 303.5 0.3 307.5 1.7 331.0 9.4 323.0 6.8
3 369.5 7.4 370.0 0.1 369.5 0 378.5 2.4 370.0 0
4 353.5 0 355.0 0.4 356.5 0.8 353.5 0 358.5 1.4
5 259.0 3.4 260.5 0.6 260.5 0.6 314.5 21.4 279.5 7.9
30 6 257.5 3.4 260.0 1.0 256.0 -0.6 268.0 4.1 264.0 2.5
7 402.5 1.0 405.0 0.6 407.0 1.1 418.5 4.0 410.5 2.0
8 261.0 0 261.0 0 261.0 0 261.0 0 261.0 0
9 448.5 0 451.0 0.6 457.5 2.0 487.5 8.7 467.5 4.2
10 401.5 4.8 408.5 1.7 420.0 4.6 483.5 20.4 442.5 10.2
HH 337.1 3.5 339.4 0.6 341.1 1.0 361.4 7.1 349.2 3.5
1 543.5 0 548.0 0.9 549.5 1.1 558.0 2.8 555.5 2.2
2 542.5 0.7 547.5 0.9 538.5 -0.7 547.0 0.8 546.5 0.7
3 852.5 4.6 875.5 2.7 913.5 7.3 974.5 14.3 941.0 10.4
4 674.5 1.0 678.0 0.5 676.5 0.3 780.5 15.7 702.0 4.1
5" 810.5 0.9 824.5 1.7 824.5 1.7 827.5 2.1 827.0 2.0
60 6 558.0 2.0 565.5 1.3 552.0 -1.1 633.0 13.4 573.5 2.8
7 465.5 5.7 472.5 1.5 504.5 8.4 522.0 12.1 495.5 6.4
8" 722.5 8.6 730.0 1.0 750.0 3.8 857.5 18.7 765.5 6.0
9 511.0 1.0 515.0 0.8 548.5 7.3 548.5 7.3 529.0 3.5
10 622.5 6.0 631.5 1.4 635.5 2.1 631.5 1.4 632.5 1.6
HI{H 630.3 3.1 638.8 1.3 649.3 3.0 688.0 8.9 656.8 4.0
x5 KAEEGIXHER
Table 5 Experiment results of large-scale example
J5 g g R Sh 4 K S JH 6 ST I 8
v 5ol Z z GAP, Z GAP, z GAP, Z GAP, Z GAP;
1 652.5 668.5 2.5 702.5 5.1 802.5 20.0 859.5 28.6 739.0 10.5
2 654.0 674.5 3.1 691.5 2.5 918.0 36.1 962.5 42.7 849.5 25.9
3 918.0 930.0 1.3 949.0 2.0 1155.5 24.2 1016.5 9.3 1005.0 8.1
4 891.0 921.0 3.4 965.0 4.8 1162.5 26.2 1104.5 19.9 993.5 7.9
5 702.5 774.0 10.2 796.5 2.9 952.5 23.1 962.5 24.4 871.5 12.6
90 6 776.5 808.0 4.1 814.5 0.8 776.5 -3.9 914.0 13.1 867.5 7.4
7 652.5 715.0 9.6 715.0 0 728.0 1.8 864.0 20.8 782.5 9.4
8 823.5 843.5 2.4 850.5 0.8 843.5 0 1281.0 51.9 922.5 9.4
9 988.0 1002.0 1.4 1032.5 3.0 1063.0 6.1 1071.0 6.9 1071.0 6.9
10 946.0 959.0 1.4 967.5 0.9 974.0 1.6 1124.0 17.2 1008.5 5.2
H{E 800.5 829.6 3.9 848.5 2.3 937.6 13.5 1016.0 23.5 911.1 10.3
1 1224.5 1269.5 3.7 1335.5 5.2 1582.5 24.7 1684.0 32.7 1405.5 10.7
2 1239.5 1279.0 3.2 1343.0 5.0 1520.5 18.9 1678.0 31.2 1414.5 10.6
3 1228.0 1275.0 3.8 1339.5 5.1 2283.0 79.1 1626.0 27.5 1471.0 15.4
4 1247.0 1314.0 5.4 1374.0 4.6 1380.0 5.0 1548.0 17.8 1445.0 10.0
5 1035.5 1057.5 2.1 1134.0 7.2 1691.5 60.0 1476.0 39.6 1267.0 19.8
120 6 1086.5 1208.0 11.2 1263.5 4.6 1281.0 6.0 1743.0 44.3 1363.5 12.9
7 855.0 904.5 5.8 945.0 4.5 1117.5 23.5 1395.0 54.2 1073.5 18.7
8 965 968.0 0.3 983.0 1.5 1003.0 3.6 1003.5 3.7 1003.0 3.6
9 1282 1370.5 6.9 1413.0 3.1 1433.5 4.6 1735.5 26.6 1510.5 10.2
10 1270 1302.0 2.5 1392.5 7.0 1539.0 18.2 1756.5 34.9 1496.5 14.9
H{E 1143.3 1194.8 4.5 1252.3 4.8 1483.2 24.4 1564.6 31.3 1345.0 12.7
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Fig. 9 Performance comparison of methods under

different interference times
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Fig. 10 Performance comparison of methods under different duration weights
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Table 6 Template assembly plan of tail assembly station

Thg 3R PRt

(=3 VR o=
1BV 4 W TR A WHREH BEELR
A015001 0 0 [0,0,0,0] 2,3,4
A015002 0 12 0 [2,1,1,2] 7,8
A015003 0 12 0 [2,1,1,2] 5,6,11
A015004 0 14 0 [2,2,1,2] 10
AO015005 12 24 6 (3,2,1,2] 9
A015006 12 52 0 [5,2,1,5] 8
AO15007 12 8 2 [2,2,1,5] 11,12
A015008 132 21 126 [2,2,1,4] 18
AO15009 92 60 77 (4,3,1,5] 17
AO15010 14 48 7 [4,2,1,2] 13
AO15011 20 18 12 [(6,4,1,5] 14,16,19
AO15012 132 48 117 [4,2,1,2] 16,18
AO15013 64 13 47 [4,3,1,4] 15
AOI5014 64 28 48 (6,4,1,5] 15
AOIS015 92 40 85 (6,4,1,5] 20
A015016 180 16 175 [5,2,1,5] 21
AO015017 152 35 146 [6,4,1,5] 20
AO015018 187 14 180 [5,4,1,2] 20
AO015019 38 10 30 [2,1,1,2] 22
A015020 201 32 196 [2,1,1,2] 21,22
A015021 233 25 226 [2,1,1,2] 23
A015022 233 11 228 [2,1,1,2] 23
A015023 258 0 [0,0,0,0]
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Scheduling results of posteriori solution( Z =280.5)

4L (7 =284.5)

Fig. 12 Scheduling results of proposed method(Z =284.5)
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Fig. 13 Scheduling results of single stage decision method(Z =310)
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Fig. 14  Scheduling results of expectation scenario method(Z =307.5)
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Fig. 15 Scheduling results of right shift method(Z =339)
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Fig. 16  Scheduling results of proactive-reactive method(Z =309.5)
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Dynamic scheduling for aircraft mobile production line
considering material supply interference
LU Bin, LU Zhigiang "
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract; To solve the problem of material supply delay during the assembly process of aircraft, the as-
sembly operation scheduling problem of aircraft mobile production line is studied. Through the dynamic analy-
sis of material supply information, reactive scheduling decisions were divided into fixed decisions and predic-
tive decisions in different scenarios, and a dynamic scheduling framework in the environment of material sup-
ply interference was established. At each rolling decision point, a two-stage approximate optimization model
was established with the objective function of minimizing the expected weighted sum of the deviation from the
template plan and the makespan. On the basis of the decision logic of the model, a two-stage tabu search
based heuristic was designed to solve the optimization problem of each rolling decision point. Numerical exper-
iments with different scales indicate that the proposed dynamic scheduling method can effectively utilize the
constantly updated material supply information to obtain scheduling results which is close to the posterior exact
solution, and compared to the traditional scheduling strategies, the proposed method can more effectively deal
with the interference of material supply.

Keywords: aircraft mobile production line; material supply; uncertainty; dynamic scheduling;

rolling decision
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Fig. 1  Numerical simulation model of core engine test rig gas circuit system
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Table 1 Calculation process of F3 valve rated flow coefficient by calibration-adjusting method
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Fig.4 Numerical simulation model of F3 valve simple system
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Fig.5 Comparison of simulation results of F3 valve modeling

by three reference-valve models in simple system
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Table 2 Calculation process of F4 valve rated flow coefficient by trial-calibration method
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Fig.6 Numerical simulation model of F4 valve simple system
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Fig.7 Comparison of simulation results of F4 valve modeling

by three reference-valve models in simple system
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Fig.8 Comparison of simulation results of F3 valve modeling
by three reference-valve models with experimental

measurements under normal-temperature condition
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Fig.9 Comparison of simulation results of F4 valve modeling
by three reference-valve models with experimental

measurements under low-temperature condition
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A transient modeling method for unknown information regulating
valves in complex pipeline network system
WANG Yejun', CHEN Yang" * , CAI Guobiao', HUANG Yulong’, WANG Xianyong’

(1. School of Astronautics, Beihang University, Beijing 100083, China;
2. Beijing Aerospace Measurement & Control Corp. , Beijing 100041, China)

Abstract: The information missing of key regulating valve is an important factor to restrict the modeling of
complex pipeline network systems. After classifying and summarizing the modeling research of regulating
valves, the conclusion that the flow characteristic curves of most regulating valves are between the equal per-
centage and the linearity is obtained. Based on this conclusion, a modeling method by using the information-
known reference-valve model and the limited system test data is proposed for the valves whose structure and
throttling characteristics are unknown. Then, this method is used to establish the models of two unknown-infor-
mation valves in the core engine test rig gas circuit system. The application to two working conditions including
0 — 1400 s normal-temperature condition and 0 — 1240 s low-temperature condition shows that the differences of
the simulation curves among three different reference-valve models are less than 10% ; the average errors be-
tween the flow-rate simulation curves of two regulating valves in the 47-component system and the test curves
are within 15% ; the maximum errors between the pressure simulation curves and the test curves at two down-
stream branches are within 15% . Thus, the proposed method can provide an effective modeling scheme to
solve this kind of problem.

Keywords: core engine test rig; gas pipeline network; system dynamics; unknown-information valve;

transient modeling
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Fig.1 Composition and structure of AETS
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Fig.2  Stress state of aircraft taxiing
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Fig.3 Mechanical systems of AETS
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Fig.4 Simulink model of BLDCM
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Fig.5 Simulink model of transmission system
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Table 2 Related parameters of AETS
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International Airport
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Fig. 6  Simulink model of aircraft body
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Table 4 Performance parameters of GTCP36-300 APU!™!
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Fig.7  Fitting function images of CFM56-5B/4P engine
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Fig. 8 Simulink model of target APU performance
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Fig.9  Simulink model of target main engine performance
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Fig. 10 Simulated logic structure of AETS



5 8 3]

B S TR Sl AT AR G U Sl e T RE DR HE T BE 0 A

1551

Bl 11  AETS Simulink 3 25 45 74

Fig. 11

&l 12 IR BRE T 0
Fig. 12 Simulation of driving capability
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Fig. 13 Simulation of stability
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Fig. 14 Comparison of fuel consumption and gas emission between two driving modes

T S LA AETS A 3 & Bl K 1
Ras , TSR T RE T A R e A AR
Z(CO HC NO W HEZE 73 518 memumy ), W
EI5FR o

15 AETS A T ERMAMIHFETTE F A F AmHER
Fig. 15 Fuel saving rate and harmful gas emission

reduction rate of AETS relative to main engine
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Driving characteristics and energy saving and emission reduction
performance of aircraft electric taxiing system
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Abstract: An Aircraft Electric Taxiing System ( AETS) based on the main landing gear wheel drive for a
medium-range aircraft is designed, the simulation analysis is carried out as well. MATLAB/Simulink was used
to model AETS. The driving motor model, the mechanical system model and the emission performance evalua-
tion model are constructed. On this basis, the driving capability, stability, energy saving and emission reduc-
tion performance are simulated. The simulation results show that the designed system has good driving capabili-
ty, excellent stability, and obvious energy saving and emission reduction performance. Using this system to
drive the target aircraft to taxi on the ground, the maximum speed can reach 4.91 m/s, which basically meets
the requirements of taxiing. When the external load fluctuates, its taxiing speed can be adjusted smoothly. Un-
der the same conditions,when the taxiing distance is 1500 m, using AETS to replace the main engine to drive
the aircraft taxiing on the ground can save more than 75% fuel, and reduce the emission of CO, HC, NO, and
other harmful gases by more than 67% .

Keywords: Aircraft Electric Taxiing System ( AETS) ; driving capability; stability; energy saving and

emission reduction; taxiing simulation
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Fig.6  Performance evaluation of different singing voice separation algorithms
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Monaural singing voice separation based on high-resolution network
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(1. College of Information and Computer, Taiyuan University of Technology, Jinzhong 030600, China;

2. Institute of Software, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Monaural singing voice separation separates singing voice and accompaniment from a song,
which can be used for applications such as melody extraction, lyrics recognition, karaoke, etc. To resolve the
limited accuracy of predicted spectrogram, this paper proposes a monaural singing voice separation algorithm
based on high-resolution neural network, which has the advantages of parallel structure and sufficient features
interaction for improving the performance of the model. Firstly, the high-resolution network suitable for singing
voice separation is designed and constructed. Then, the spectrogram of the origin song is input to the network
in order to get the predicted spectrograms of accompaniment and singing voice. Finally, the time-domain sig-
nals are reconstructed by combining the song phases with the separated spectrograms. Experiments conducted
on the MIR-1K dataset show that SNR, SIR and SAR indicators of the proposed algorithm are better than those
of the state-of-the-art algorithm, and the proposed algorithm improves the quality of the separated accompani-
ment and singing voice.

Keywords: monaural singing voice separation; deep learning; spectrogram; high-resolution network ;

frequency-domain model
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Fig.2 Experimental results of CFRP laminates damage simulation
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Table 1 Value of correlation coefficients for different algorithms

re‘,

51 1 15 7Y

CGLS Tikhonov MRNSD PMRNSD FPMRNSD
B 1 0.3752 0.5178 0.8847 0.8916 0.8826
hif 4 2 0.1329 0.2786 0.2756 0.2153 0.2203
YR B 0.3283 0.4367 0.9075 0.903 1 0.9104
e €k 0.1921 0.3008 0.5037 0.5212 0.5637

K3 7E1%WEAE T CFRP JZ AU fiy B2 g0 45 R

Fig.3 Experimental results of CFRP laminates damage simulation under 1% noise
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Fig.4 Experimental results of CFRP laminates damage simulation under 5% noise
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Fig.5 Experimental data of CFRP laminates damage simulation under 1% noise
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Fig. 6 Experimental data of CFRP laminates damage simulation under 5% noise
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Fig. 8 Experimental results of damage detection for CFRP laminates
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Electrical impedance tomography based on improved MRNSD algorithm
FAN Wenru® , LI Jingyao, WANG Bo

( College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Electrical Impedance Tomography (EIT), as a new nondestructive testing method for Carbon
Fiber Reinforced Polymer ( CFRP) , has attracted extensive attention due to its low cost, non-radiation and vi-
sualization. Considering the serious ill-posedness of EIT inverse problem, regularization algorithm is usually
used to improve the image quality. Based on the Modified Residual Norm Steepest Descent ( MRNSD) algo-
rithm, using its advantages in reducing image artifacts and maintaining boundary information, the MRNSD al-
gorithm is improved by preprocessing and soft closed value method to solve the problems of semi-convergence
and poor anti-noise effect of the algorithm. Through simulation and experiment, the imaging effects of the im-
proved algorithm and several common algorithms are compared. The results show that the algorithm improves
the image quality and anti-noise ability of EIT effectively, and achieves the automatic update of the optimal it-
eration times, which is conducive to promoting the practical application of EIT method in CFRP damage detec-
tion.

Keywords ; Electrical Impedance Tomography ( EIT) ; Carbon Fiber Reinforced Polymer ( CFRP) ; regu-

larization ; pretreatment; soft closed value
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Fig. 1 Flowchart of solving indicator weight by IFA
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Fig.2 Structure of waveform domain evaluation indicator
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Fig.3 LFM signal inter-pulse information
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Fig.4 Two-phase coded signal inter-pulse information
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Table 1 Basic radar waveform parameters
ik S AN/APQ-7 AN/APG-66 AN/ASG-14 AN/APS-10
Z R B2 5 K I v 5 3k KT 3k R0 B R 5k PR R ik
BBt X X X X
3] Jok ik e 22 35 80 ST 98 T 5 A6 Jik e Jik
Jik b T 2500 %/ He 400,800 ,1 600 900 1000 +25 405,810
Jik b B BE / s 0.75,0.4,2 0.85 1,0.5 0.8,2.2
R2 MBEMRRIER
Table 2 Hesitant fuzzy decision matrix

Tk c, C, C, C, Cs
AN/APQ-7 [0.8,0.5,0.4,0.3,0.1] [0.9,0.4,0.1] [0.3,0.2,0.1] [0.6,0.3] [0.9,0.7,0.6]
AN/APG-66 [0.8,0.7,0.6,0.1] [0.6,0.5,0.4] [0.8,0.7,0.6,0.5,0.3] [0.4,0.3] [0.8,0.7,0.6,0.4]
AN/ASG-14 [0.8,0.7,0.2,0.1] [0.9,0.7,0.6,0.5] [0.8,0.7,0.6,0.4,0.1] [0.9,0.8,0.6,0.5] [0.5,0.3]
AN/APS-10 [0.5,0.4] [0.8,0.7,0.6,0.4] [0.8,0.2,0.1] [0.9,0.8,0.7,0.6,0.4]  [0.5,0.4,0.3,0.1]

®3 HEUMBEMRRIER

Table 3 Normalized hesitant fuzzy decision matrix

ﬁ % Cl C’l C3 C4

Cs

. [0.9,0.7,0.6,0.5,0.2][0.9,0.6,0.1,0.1,0.1] [0.3,0.2,0.1,0.1,0.17[0.6,0.3,0.3,0.3,0.3]
[0.9,0.4,0.3,0.2,0.2] [0.6,0.5,0.4,0.4,0.4] [0.8,0.7,0.6,0.5,0.3] [0.4,0.3,0.3,0.3,0.3]
[0.9,0.8,0.3,0.2,0.2] [0.5,0.4,0.3,0.1,0.1] [0.8,0.7,0.6,0.4,0.1] [0.9,0.8,0.6,0.5,0.5]
[0.6,0.5,0.5,0.5,0.5] [0.6,0.4,0.3,0.2,0.2] [0.8,0.2,0.1,0.1,0.1] [0.9,0.8,0.7,0.6,0.4]

N
R

F's

[0.9,0.7,0.6,0.6,0.6]
[0.8,0.7,0.6,0.4,0.4]
[0.5,0.3,0.3,0.3,0.3]
[0.5,0.4,0.3,0.1,0.1]
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x4 TEAERSHETHRABENE
Table 4 Optimal attribute weights under

different model parameters

BRI S5 (a,b) [o),0,,0;,0,,05]
a=1,b=0(MI)
a=0.7,b=0.3(M3)

a=0.5,b=0.5(M3)

[0.217 3,0.232 7,0.183 3,0.172 8,0.193 9]
[0.228 7,0.211 3,0.194 2,0.186 7,0.1791]
[0.201 6,0.218 4,0.187 6,0.196 1,0.1963 ]
a=0.3,b=0.7(M3)
a=0,b=1(M2)

[0.2139,0.196 1,0.203 8,0.189 5,0.1967 ]
[0.210 3,0. 189 7,0.204 9,0. 197 4,0. 1977 ]

KIS IFA AL TR bR A i 2k AL 72
Fig.5 lterative process of indicator weights optimized by IFA
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AR R AR d A d il

4 =0.2165
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(@ =0.2019
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[ = 0.2121
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Radar LPI performance evaluation method for waveform
domain based on IFA-HFS

YANG Chengxiu', WANG Qianzhe'* , PENG Weidong' , LI Huanyu', PEI Shaoting’
(1. Air Traffic Control and Navigation College, Air Force Engineering University, Xi’ an 710051, China;
2. Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: In order to solve the problem of Low Probability of Interception (LPI) performance evaluation
of radar waveform domain, a Hesitant Fuzzy Set ( HFS) evaluation method based on Improved Firefly Algo-
rithm (IFA) is proposed to obtain index weight. Firstly, we introduce the HFS theory based on Technique for
Order Preference by Similarity to an Ideal Solution ( TOPSIS), and construct an optimization model of index
weights from the perspectives of attribute and scheme. Secondly, we solve the problem that firefly algorithm is
easy to fall into local optimum by introducing chaos theory, and give the process to get index weights by using
IFA. Then, we extract five LPI performance evaluation indicators between inter-pulse and intra-pulse informa-
tion from the radar transmitter. Finally, the HFS evaluation method based on IFA is obtained to get optimal in-
dex weights. Four different types of radar are selected to simulate and compare the waveform domain LPI per-
formance, and the ranking results are obtained, which verify the rapidity and effectiveness of the proposed al-
gorithm.

Keywords: radar waveform domain; Low Probability of Interception ( LPI) performance; Hesitant Fuzzy
Set( HFS) ; index weight optimization; Improved Firefly Algorithm (IFA)
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Fig. 1  Schematic diagram of landing and cable

hanging of carrier-based aircraft
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and arresting gear™”’
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Dynamic analysis of off-center arrest for carrier-based
aircraft considering kink-wave

XIE Pengpeng'?, PENG Yiming', WEI Xiaohui'*>** | NIE Hong'*

(1. State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China; 2. Key Laboratory of Fundamental Science for National Defense-Advanced Design Technology of
Flight Vehicle, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

3. Shanghai Institute of Spacecraft Equipment, Shanghai 200240, China)

Abstract: In order to analyze the influence of eccentricity on the safety characteristics of carrier-based
aircraft in the process of arresting, a complete dynamic model of arresting system of a certain type of carrier-
based aircraft is developed to know more about the dynamic property of aircraft in eccentric arrest. Based on
the discrete kink-wave model, the simulation of central arrest with kink-wave is conducted. The simulation re-
sults are compared with the experimental data of the related standard and it comes out that the basic changing
laws are the same. On the basis of central arrest, the dynamic simulation of off-center arresting is carried out,
and the influence of eccentricity on bending wave is studied. The results show that due to eccentric arrest, the
initial length and tensile speed of the arresting cables on both sides are different, resulting in the difference of
load fluctuation caused by kink-wave. When the eccentricity is more than 20% , the tension of one side of the
arresting cable no longer shows an increasing trend of fluctuation, and it will be negative and near breaking
tension when the eccentricity is more than 24% . With the increase of eccentricity, the arresting cable on the
eccentric side bears more arresting impact load, and the eccentricity will produce negative effects on the arrest-
ing system when it becomes too large.
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Table 2 Number of subsets produced by standard algorithm with related parameters
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Table 5 Comparison of subset number range and
simulation time before and after optimization
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Table 6 Algorithm availability comparison
before and after optimization
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4 106 ~ 352 28 ~53 87 23 3.8
5 92 ~301 26 ~49 80 22 3.6
6 92 ~301 26 ~49 77 20 3.9

151 Bk AT Atk % _
P Ak B (RG]
1 63.4 60.5
2 96.9 96.6
3 8.18 8.49
4 100 100
5 97.7 98.2
6 97.5 97.5
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Fig.3 Global availability under the first set of parameters
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Fig.4 Global availability under the second set of parameters
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Fig. 6  Global availability under the fourth set of parameters
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Fig.7 Global availability under the fifth set of parameters
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Method for reducing number of ARAIM subsets
based on subset inclusion
LIU Jinxin', TENG Jitao’, LI Rui""*, WANG Junjun'

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
2. Unit 95899 of PLA, Beijing 100085, China)

Abstract: Advanced Receiver Autonomous Integrity Monitoring ( ARAIM ) technology can be used for in-
tegrity monitoring in multi-constellation combination positioning. The Multi-Hypothesis Separation Solution
(MHSS) standard algorithm, recommended by the ARAIM technology subgroup, may produce lots of subsets
to bring heavy computational load. Aimed at this problem, in the dual-constellation combined positioning sce-
nario, by analyzing the inclusion relationship between subsets and the change of Position Dilution of Precision
(PDOP) , a method of reducing the number of subsets by using one subset to replace multiple subsets is pro-
posed. This method can significantly reduce the number of subsets. The simulation results under different pa-
rameters show that the efficiency of the optimized algorithm is at least tripled, and the maximum ARAIM avail-
ability difference before and after optimization is no more than 3% .
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Table 3 Comparison of stuck-at faults test compression optimization data

o FC/% P P c/10° c V'/KB Div. T'/(10 *ps) Div.
HL B Bef.  Aft.  Bef.  Aft. Bef. Aft. Bef. Aft. ) Bef. Afe.  (T)
513207 99.81 98.13 130 176 12.5 29.1 6.1 43.0 58.2 12.0 4.9 29.1 6.1 4.7
515850 99.94 98.72 144 295 14.0 32.3 8.5 44.2 64.5 16.5 3.9 32.3 8.5 3.8
S38417 100 99.05 156 329 11.6 115.8 21.0 25.0 231.5 41.5 5.6 115.8 21.0 5.5
538584 99.91 99.40 161 374 10.4 99.8 16.1 37.3 199.6 31.4 6.4 99.8 16.1 6.2
SS 98.16 98.14 4267 5597 0.7 56153.7 2776.1 7.9 112298.9 5541.0 20.3 56153.7 2776.1 20.2

R4 B AE A PR U I TE 4 L L BUHE R L
Table 4 Comparison of transition faults test compression optimization data
FC/% P c/10° V'/KB Div. T'/(10 ~* ps) Div.
Sl o PL/% /%

Bef.  Aft.  Bef.  Aft. Bef. Aft. Bef. Aft. ) Bef. Al (T7)

513207 82.31 81.27 200 253 8.7 44.8 9.1 41.9 89.6 17.2 5.2 44.8 9.1 4.9
515850 76.34 75.93 175 332 12.0 39.2 10.2 43.8 78.4 19.3 4.1 39.2 10.2 3.8
538417 94.21 93.63 255 734 5.2 189.2 47.6 24.7 378.4 92.5 4.1 189.2 47.6 4.0
538584 81.10 80.14 319 874 4.5 197.8 38.4 36.4 395.6 73.4 5.4 197.8 38.4 5.2
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Optimization method of scan test compression circuit based on EDT
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Abstract; To realize test patterns compression more efficient in integrated circuit Design for Test ( DFT) ,
and reduce test data volume and test time, the S13207, S15850, S38417 and S38584 benchmark circuits were
analyzed using Embedded Deterministic Test ( EDT) scan test compression scheme. By studying the factors
that affect test compression such as test patterns and shift cycles, a scan test compression circuit optimization
method was proposed with constant test ports and constant compression ratios. The results show that the bench-
mark circuits have a good compression effect when the number of test ports was set to 2 and the compression
ratio was set to 12, 14, 16 and 24 respectively. Compared with the traditional Automatic Test Pattern Genera-
tion (ATPG) , stuck-at faults test data volume was reduced by 3.9 - 6.4 times, and test time was reduced by
3.8 - 6.2 times; transition faults test data volume was reduced by 4.1 —=5.4 times, and test time was reduced
by 3.8 —5.2 times. By changing the number of test ports and compression ratios, this method discusses vari-
ous factors that affect test compression and gives an optimized scheme for the scan test circuit compression de-
sign. It improved the efficiency of the scan compression test. This method was verified in a large-scale circuit,
and the result shows that it can be applied to the design of integrated circuit scan test compression.

Keywords: Design for Test( DFT) ; scan test compression; test data volume; test time; Embedded De-

terministic Test( EDT) ; Automatic Test Pattern Generation( ATPG)

Received: 2019-09-29; Accepted: 2020-01-15; Published online; 2020-01-19 14 .53
URL: kns. cnki. net/kems/detail/11.2625. V.20200117. 1350. 003. html
* Corresponding author. E-mail: keepls_833@ 163. com



2020 4 8 H
46 4 458 1]

tEMmMEMRXRKEER

Journal of Beijing University of Aeronautics and Astronautics

dhﬁ#ﬁ A t 2020

Vol.46 No. 8

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0531

— T Al 22 S AE

jbuaa@ buaa. edu. cn

w2 X 13 M) 4% /Y B FRde I 77 7

= 1 - 2, % =1 M ) 2,3
=k EAE MRS, M, BRXA
-
Q SETRRRY Piss TRE¥EE, W% 710038; 2. 2SZE TR R HEEM S50 AN TR, W% 710038;

3. PE TR B TR B, VY4 710126)

i B ERRMNEATENR T RN A R F A, EAETREFINERRN
FHETUAGA2 L. AR -SRI AEAERGEHE, FEAERTRE, B N&
BRMMEETERINTEHNLF., I RGEFRAAZNER, ETREERWERNEN
FERMEEIINT EE N 5T (AG) H 3k, @ ot xf & 28 K3k M % (RPN) oy g L4l #4731 =,
ERNTHAGES RN EEE LA S HME; B /A E R e AT X R AE W

(NMS)HEHFEHRBMERNEAA BHT - HEEELETH NMS(Cf NMS) & 3% , x T #

AHERERAERANTR. LRERRA TR EEAERE

fie b AR ey TR 2

ZLH AL RPN T RAZA AW A EF A A M T @HERA,

x # E: HENNE; ERAN; BREF;
(NMS)
hESSHES. V221 7.3; TB553

MNERIRERD: A NERS:

Bl S5 AL RE 2% BN 0 Bl 28 B 2 1 AS B K
& AT LR & DL ST & RS AU A o A e
AR ik AR KRS, Al
ANTR X — B AR AR B L2
> R FE 2 2] S5 SR 1 AN I o 35 FR B (AR 1T
SEMLABE e At 25 & P S )32, ) an g L Bs
2 A S SR AT T B B R . B R
BLAI D& 400358 1) 3 2 & e, E b s A Ay 32 94—
/\EEE% N1 E N ﬁ)\ﬂﬁﬁr e R ) A
25 s A A ARz
féiz{ﬁth,Mlﬂl%_ﬁﬁwﬁﬁﬁuﬁ;ﬂ%
R 18 B ] P 0 TR T ) P IS S R & A
BARAS T B A5 B o DRI SCHER 19 H bR A
D7 5 R A% (5 B 215 473 V0 0 Ak B4 1) o €6, DB 355
Tk B H bR 8L HARIE AT H bR, i EALG 2

T 2% X W % (RPN) 5 3F K 8 40

1001-5965(2020)08-1610-08

TS HEFR T P SR AR T SR CRAE L B VR 2
TR, H BRI O 2 O 22 AR SR AL T
T BT R AR A ) B IR A 2 TSR A 4
BURME SRR R e o B H BRI 7 12 — e o by
PR — KR T — IR B R 2 M 45 1) — 2D
#: ( One-stage) , U YOLOM™! sspt fy K2
PA R-CNN'*' 45580 g Bl £ 199 25 462 1) ( Two-stage ) ,
DAASEAY Sy Sl X 9 A0 A6 I 5 A7 S W st 0ot Lt B T
— Z 5 HAT X F M (9B 7 Fast R-CNN'®' Faster R-
CNN'AE . JEARA H AR A I Jy 325 AN I 368 K O 4
R RF E 42 SRR 2% B v 8 I T 1 LTSS S R 4
FI7 M A R AEA G AL B Wt 2 BA
WUF I BB 9 B 3 40 Cascade R-CNN' | Mask R-
CNN' 1 PN 2

N BIASE 28 G0 T 2o AR S 1 5] 450

WA 2019-09-29; A BH: 2019-11-01; ML HATIE: 2019-11-19 11.07
) 4& H R bk kns. cnki. net/kems/detail /11.2625. V.20191119.0951. 002. html

EETB: HFEARBAILS (61701524) 5 o [H H 1 5 B4 5k 4

+ BIE1EE. E-mail: ru-le@ 163. com

SIH#RX: #AR

#R, AHE, & —HAZHEEERB G BT % [T] AFEMEMREAF

(2019M653742) 5 B4 F AR Bl LR AT 72 1K1 (2017]M6071)

F R, 2020, 46 (8) :

1610- 1617. LI CH, RU L, HE L Y, et al. Target detection method for region proposal network with variable anchor box [J ]. Jour-
nal of Beijing University of Aeronautics and Astronautics , 2020 , 46 (8 ) : 1610- 1617 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202008020&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMQ2x5bU9obnpZaXBRakNFMFRwRWNNcz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

5 8 3]

RS A — bR Al AE 0 3 X 3R 46 1) L A A N ik

A
o

HEAT M6 BE M A B, JE F 1 & J7 MLl ( Attention
Mechanism ) [ 78 B A 28 W 2% 9 7 12 g ) 31 45 A4
A, A AT DUA) D B E A I RS
PO S A7 2 T B X 8, M T AR TR A
feo SCHRLLL] gl 7 —F B F i & 151 S0l
EPICE:E TN ONEE R S S i)
) R 5 SR [ 12 ] 42 1 1 BT A 4% R R i
T )2 ok 48 T B R 0 PE AR T T 1 2 BRI
B SRR 13 T —F =R 5 S5 M
A 28 F Xof i #1815 A7 IRIAG AT 43 26 T B o T U
iR

TV R AR T — MR TR
Ty WL 4 A 28 X I8 99 4% (RPN iz R 28 1 51
(AG) e %} Faster R-CNN'"' ) RPN 47 i if
IR Ja 3B S5 A 4 Jm DI 25 A 45 4, S b 1 2
WU RPN RITRE (A 3t I 255 A~ ) 4% S5 A AH 45
3 o 3 A T AL AR AN VR A 0 2 R [ 0 a2, 4
THAIPERE . [R]EF A SCAR 4 2 1 RPN ) 2% 5
N — A B DR AR AR R (B ] (NMS) B35 B
SR 1 B M AR A /N I B A T B {F R X A A
MOHERR P A & 3 0 38 s . AR SCHE bR oE O 4R
MS COCO 2007 ¥ 47 T 45 & 5000, L0 45
HE I 7 A B BT 1 ME R TR RE o

1 XTI

A N5 A ST AR e AH G 1 B bR
TR MR 27 2 AT o0 o BARES N 0y H 1Y
SR R h B — A BAR B A0S A2 . A
DAER 50, vl AR B 2 A B S i s — B
ST M RUF B eI o X BESVE A N LA A
(ERAE , 41 HOG ™ i SIFT™' 4 | Sk it %% i [ %
HEAT AR IOR B H A5 X3 AL Ge iy B An A I 77
PR R Bl o ok KB o H bR &, AR S
BN TR B (B X o JLF- 3 T 1Y) O % 3 RO
MR FESR R 2, BEE IR =Wz
R-CNN"' Fast R-CNN'®' ot fity % $% 4 38 22 ( Selec-
tive Search ) 533 0 ok FI I 4% o M B AR Fr
TIE A TR R DX 3, B R A L W Bl B 1 T
HEAEATY R A 6 2 552 B o 5K TG v 58 i o 3 iy 14 VIl
%, Faster R-CNN'"f) RPN 7| FH TR 1 245 Bt 22 1
25 42 U FRAE R - 4R R R 1) i 8 DX K, BE 8 L
T b S 3 o 390 g P DI 5 o DI R B B R 1 e
DLE Y, et 32 2 [ 8 i 3385 O A 850 1ok ik
DX a3k — [A] R

RPN J Faster R-CNN'7' 1 5 G 5 3L [ — N 35
T, A AR R TR B A R 2 I 4% B B T R AE

P, A b i e e S DXt A 19 45 A A 2
SR E B AT B A AE 1 DX IO BEA TR I, [ B e
T RPN /N 15 O0 AR R R 4 1 3 5
[ o o0 265 58 i i A\ AR B RBE I 1 O AR AE 1, A
P BhET 1A S BURHAE 1B B BEAT 3 B AR A
B o i (Anchor) HLI 2 RPN H b #5022y — 4>
75, e LAAT B 110 4 A Bl A v O (O B R R AR
PEALE R BER 9 FhA TR 191K T8 o A TR 9 R
JRE Xk IO R S5 A ) G E O Ao 220 W R 3 B
HESR %45 2 R & DX, 2 A SOt 20 B 74 31 1
SR it DX A U O R R A ] X (L
K1) o WEIERKEERMPLEDR B R . Tk
AL % 1 X Sk kAT SR 5 R R B ML I, RPN
TEBUAL 55 B0 2 JRDEAT AL B — )2 soft-max Jp
RIZ R AT R 2 AR AR R
B O H AR ) FIRTSR A9 20 KO HAR) , 0 R HE
MRS A Hbs; 0 — 2R f L
HERY 4 D EAE R CRO 8« F oy, B ER K
JEE I ) O s Ak X B A . R, Fast
R-CNN'' 3 3 7 57 1 D) 245 MFAE 1] 75— i 1]
B XSO 2 4032 AT T ORI
H1 T RPN S 7 18 0 2 B LA AT LS B o 31 s 1)
Wk, AT LA i S 1) 1% 4% 5 3 0 M ik 1 I 45 2
B AT VR, TR I3 7 AR A m] R A A

NMS $k— B LR A= AT Z A 20 )5 Ak 3
7 3CHE S Jo 2 30 3 400 o A R R {1 40 e 1 3 R R
WRAE . H R AE 5 T IR B 22 2 1 H A A 00 451
NMS Fk ) Z 6, E 1 H 152 W H AR = A2 1
ZAGEENE LE R 55 o B B M EAE . SCRR (17 ]
T — ol o B A N R A R
A4 ECHE NMS B33 7R AT AR I A 8 AR R A E R 5 3C
BRL I8 T2 T — Bl £ LU il I 1 NMS, [k 1 5
T T [ R 191 A AR

RPN F9 4% 0o A5 FH L2 7E 32 JBCIET 18 5 ik 9 1
T R Ok 52 BN T 35 AE 9 8 £ R AT, RPN d KR

BT e s
Fig.1 Anchor mapping



1612 b5 M = MK k% F M

A 4R
NEEEE

2020 4F

A LR L, WD T A AR R S R R
1 F RPN 17 7F Faster R-CNN'" FUIE iR T i
g 52 B3 S 3 0 F AR A MU AE 22, {H L RPN 7
TE 3 — S [ FE A7 9K G 1 36 3 S I A0 4 H B, 0o
F A VEAE 1 43 26 A0 8] 3 R AR AR K o S [ A
ST P A I SRHE R ST R A [ DR M Bk = S A T HE TR
SEUN F ARG IR R AR, B4 NMS
B AR TR R AP (R T BB AR A R, 2
5y 1 AR A K. AS SOk 19 RPN B AHE K
JINFROS) R 7E [ 5 3 HLAE % B 47 (0 [ b W)
3% F 1% 50 NMS Sk AE e iy 8, 5] A & A5 B
T T T B AR 3 1 S R B S
2 A 5 1 5 B — S 5 R B v A He B AR T 1Y
WET P RE

2 HAEHHIERY RPN [ 4%

A% B ARG I R 5 S /E Faster R-CNNY |
FEAT B, BB RPN Y 2% 32 55 40 15 W 358 4

— ¥y AG Bidk iz B HuE R AL 5] 5
RPN - T A7 80 A ATE 5 o5 — &R 4002 NMS Bk iy
LIS BUR NG R (=345 ) [N S R A a2
ORI A HE AT A 2 e b B, B G, XK
TR HESRHEAT T (87 404 LR, A4 T AG
Yt AR R s e, 6l 3 T B S
1 NMS 598 17534 o
2.1 MEIEZE

A% 3C W 4 RE 4L (UL JE 2) & A Faster R-
CNN JERM b 3 A7 ol 2, B A P 1% 3 o 45 1iF 31
B 28 45 BRRAE B, AG BEH R F AR AE B X B A5
B EE 1 B S AT TS B, AR AG BEH AR Y
{5 k48 S RPN HE17 8 HE 19 3% B, 76 )5 o 25 bR
TR, SEENEI T AR, 5IAT
BAF B F /) NMS (CE-NMS) 8ok LB 2 R
BRE JT OR B R R AE o S AR R R ERE ST g
W 4% 5 1% 25 WG 26k A ), 2F A7t b Fn 4 45 FR
(ERTE 23 Rl ERE S

B2 4 HE S

Fig.2 Network framework

2.2 FEASI &R

B AL A 2 S AR LR FEBGALA T Y 4R H S 7 B
7515 o FLAOR U2 K B S AR L AR/
F% B AR T T G R B AE 1Y R L R O
fo EC AR AR B 22 0 T 5 RE S 1Y, AR SCHY H
T AR b R ARG AT A o R A B 1R T
%o BB R TR E I A H bR ST AR
PA KR /N R AN B DR A S . AG BB
TAREE T  HAR AR TR /N Al LA 2 42
BORFEAE (s, r) s I EBSEIRBE RN r H B bR
DBEEL o BB AT 55 AT LAUA 45 7 R0 R AR
B, ok 3K F AR I RUBE RN AR AR L, R34S 3C

TE—> 25 7 B F ) — > 9 0 i R 25 X3, T
A DL BRI AN W A 1 DX H RS /N R L
VAT 20 25 10 9 53 A U AT LS ol
p(s,r1 1) =p(sl Dp(rls,I) (1)
AepGs,rl D) R A S TAFAERY HAR R s
ARG Ly r AL

AR T H bR X S e B AR
TE HAR X /N DL S b, i s =X (1) it
TR T HMEE PR AG BRI 3 Fr 7, R A T3
JorE SOUR R LR RE AR o (BE — 4R
BE sy sy, s, M—HHE L ryry, oo ,r, , S HIR
3% I RUE 25 (] VAR L s [, SR 5 AR B2 5



5 8 3]

RS A — bR Al AE 0 3 X 3R 46 1) L A A N ik

A AL
s

K3 RG] SR
Fig.3  Attention guidance module
WA noxm Al R PR FHEZ AR . I AG B
e i S AE e FE 25 6] Ay
Ae {(s,,r),(s;,m) (s ,r ), (sy,1) 0,

(s,,7,) | (2)

TR R AL, 23 0 T H R X
A9/ LE AT 0 e Rk P E A ) i
PEAD IR R Sh 80 1A 5 05 X FE R I FERE U8 B
52 95 LA A 18t i 8 7€ F AR B9 R0 o X TR AE
F18 308 H AR B, AR 8 23 1 1) 4R A1k eSS UL AR 2 DA
RRAE 4 IR 28 4K I AR AE T T 3 o R T
B 7 B HR L A5 EAT DR /N RGNS LU A T, A= 7806
TR A LVARACH G o TEA SO M 48 451
WL T 2 A 28 0 0 T T X AR DX R )
AN L B 4T T, A1) 0 R AR 18] AT — & RS
i 3 e R A 2 HEAT PR R A, D) B B s AL, P
2838 2 WHEBE HA &R ¥ R ERS RR
WAk 2 A S5 & 20 A E S A S AR B GE WA .
TEIE , AS SCH 2548 5 I Bk vh A T, N AR UOR 5 Y
VEHETT 1R F I 7 1 95 28 6 % T AR e 4
X T AR BRSOk UL B RIER RS —E R
KARM . 125 P A SO T 2 Fhvas (8] N R 26, 41
HHGMEEUA 25 Mol BRI FE n,m =
S, TN 2 28 ROBER/INVAT 3 RN LE ot 2 15t
B e FE 6 FHEHEXT H AR FEAT A
2.3 ERFEERFH NMS &%

XF T BB B B AR A R g, B A 2 Y
HARARAT Z2 S HE , F 2 H AR A I AT 55 205K e ¢
25 R A B bR 2 R0 BT — A E PRI s
XFITUARBIFAEEAT 20 R 5L R NMS 2 —Ff
BB R A AE Y A5 B2 2 B R B /NS
15 53 5B R RS U0 A A9 Sy 400 ) HE (32253 050 O 23
o R /Iy H AR AE ) 5 H A% 19 HE 55 40 il 4E 5
22 If . (Intersection over Union, IoU) iz 5., # &
JiA ToU fER T #ii B E 7, F 2 b ikis 54
FIB BRI HE , 5 2 B B HE AT LU A
R, = area(C) N area(G)

" area(C) U area(G) (3)

KA R I Gl B0 T kB ok
FHIAE ; C S RFEFE DY HFRHE

HARTE T DA 1 26X F B e A JEA T AR 4 &
15 BE IR E/INHEZ AL 2 5% 46 0 A 11 7% Bk O A
K EAE R, HRARYE ToU 55 & & B8 717 4 1
TUHE A B 3% 23 18 LA DR A T o AEAEIXRERY 2 Rl iy
Bl 24 2 A~ H AR A AR B A R E AT,
WERAUAREE ToU A Ry Z 40 1 0 24 A7 6 B AR
o DU HE B B s LI A . (D24 H b 9 5 43 45 14 A
TNHE 1 s, QSR ANAL LA ToU 1 S5 H0 8, i T
AR BB 43 25 ¥ 58 /N i A ToU /A 239 % b H A
HE O B 3 AR A o

BEXT LA B3 FG BE , A SCHE B0 NMS B3 1Y)
Al B AR T — il CE-NMS B33, 0 4] i ok 0k
Frelatt, 51 A E A5 B 1w, el B bR AE i 5
P AR i A 24y 2 v R o A U 1 o 1
BEAG A w2 BARHE S EAE 1) BAE R iz
6] 1) 5 27, 24 0 2 0 ORI I, A 3 R il ol
TRECHE R U R EOR AR 30 1 25 4

wo=1 —lg(i+1) (4)
ch

U=uR, =
[1 _lg(%._'_l)]area(C) N area(G) (5)

area(C) U area(G)
AP, AARIAE @ B8 AF 15 e, RMHE ¢
PR E A B 0 5 e, R AT ATE ) AR E 0

3 SLWERMOM

AT S 43 R ] e B el gk O ¥k X Faster R-
CNN'"' ) RPN BEAT i, 4R i ) ol e i A6 750 3
A i 2 3 (4 U 25 AR A5 H A A A A, 5 S5 ) b
TE AR TR (8 G 000 25 R I 3 T
3.1 3l %

X A SO 4 L A HE B T {6 L BB 65 5 B i
20t 7 XYL, A SC L 2 AT 55 B2k R 5056 6T
Hrfb. TEfLgem o288k L, fMEIH#K L,
MG b gl AT RBE R L, RS L 2k L,
2 MRk . eI EAR AR B R AR
L=wl, +w,l +L, +1L,, (6)
Ko, Mo,  ACEAIZH,

R T B E SRR HE Y R, A AE Y
SAAAHDC L, $2 T ok ARUBE 2 [a] R A Eb 23 [|] p
T f 4 i 2 B0k T AT M S LSS B bR . A S
i SN E R S & 0 RPN AH— 20, X F 5 H 58
B 19 D8 JE AN A7 78 5 K Y ) it [m] Bp RJE =45 [R] AL
R b 2 ) AR BT 0 2 T SR s ), B DA AT DL 4%



1614 b5 M = MK k% F M

A 4R
NEEEE

2020 4F

VA AE 43 TC 2 S0 1 450 B HE , 1 92 8 A 1) AE
PR K ToU {6, AG R H R X 4 (19 3% £ i 17
G T IR A P PR 6 T4k R Bl
L, #1 L, ¥R ] smooth L1 4 2% , 43 28 4 25 A0l [a] 14
2R SR A% G i 450 R 5
3.2 ZWEE

1) FEHE N AL PEER K Intel(R) i7-8750H
CPU@2.20 Hz 2.20 GHz, 23 N 17y 8 GB, #: 4
A4t 4 Windows 64 fif, & £ & NVIDIA GeForce
GTX 1050Ti 4 GB, SZ I HEZE Jy Caffe

2) HHasE AE LI MS COCO 2007 4%
B EHFTIE

3) SCH AN Be R 32 6 A9 ImageNet
VERA I ET ML, o Th ARG, R 71
FUBE RV L, AN X i A G T 3o 22 i A 2
XFF ROBE 25 B R0 AR LG A B A i B S =
[128,192,256,384 512} I R =1{0.5,0.8,1,1.2,
2§ o 7€ CI-NMS Bk op 3l b K 6 ) ik 36 1 90 18
FFENBE LR 0. 6 A & T4 i ROR, BT LLTE
TR {1 R RS W Ao B o BB R R 0.6, X T Z AT
SR REIRE AC B S 0w, =0.5, 0, =
0.1, M BN T 5 epoch, ¥] f 2% 2] %
WHEHRO0.01,

4) VPR AR« Ry AR AT T A 4 TR R0 B HE
B, T DAL g0 DLOF 34 4 4 3 (AR) 7 5 VE M i i
IR EF IR . TEARR ) R, (0.5 ~0.9) #4171
BRI . AR, AR, Fl AR, 43 51 % I F
H5 i 4% 100 300 F1 500 A~ 118 - 34 A 4 %
AR ARy FI AR, 43 5 X R F /N R R DL R R
R H bRk 100 8 BRI A R, fEiE
A7 ik i) NMS B 30k 1R T8 4 (% o M Mk e 1) L
B AR SR FE B ME B (mAP) 1E S PR R
ZH (TS LS AR MF) .
3.3 XWER

ASCE xRy RPN 5 it RPN LI & RPN
) — AR R HE AT AR 1 LL# . “RPN + AG” Jy 5]
A AG B iy 2 i RPN, “RPN + 9 anchors” Al
“RPN + 12 anchors” 43 % X} i T RPN [& 52 19 9 Ff
FE 2 1 12 FpEAE , I iy NMS S53475 R 1% 5 52
O NMS B 422 B Jy 206t A SCe ik ) RPN R4
AR PEAL . $E T ok, A S K CE-NMS B3
PG AL SR S0 S B A I g NMST A
TS A PR T By NMS A8 A [R] 9 (T S 84 v 1
M ELEE . Ba RS SCHE A B AR 1) L s A 0 45 7
S8 A — 5 7 3k 317 B 8, W Cascade R-
CNN™ Mask R-CNN"' #1 FPN'""'

W 1R, A 307 0 T 10 32 X 3 1 7 24
AR R ] B AL T AE 4 RPN & 5 Fh 25 19
RPN, Wt i L& B, AR 3005 3 % T/ B AR 4
AR, B R R AR G ik BT
£ i HE 8 0 W L 1 BRE o X /0 L bR S RE Ak
TRAF L o X T[] AR il HE A9 32 5 A )
5 75 h—HFE A TR H AR A % [ 26 0 A i E 3ok
Bk A A H AR B AE FD 2 R )
PRI, A SCT5 i AR A is AT LR B A e g, (H,
A5 AT H2 32 A9 B N o

M2 Hal LUAR AR SC g CE-NMS B9k Xt
THWAE B ER . HEESET 0.6 0,
AT AR HAD A B T2 2% o 41
ERT 0.6 B, A& AR BA B4 tkfg.
iR A sz DA m e 40 o 1) LA AR ply T 1 7 14 K bk
PREEBRAG TR, S8 T 30 AR o i 0 SE 56
AR SO A PR B A S T R A o R A B
B s BT B X OR BT  BEAR K P2
ANEA H AR Y B HE A B A R A i i T T
FEAR 15 O, 24 BIAELAR g s, 1 SRR AR 1 B B AN 2
15 75 BT ER R A

000 25 SR A9 ARSI 1 B L AN ] 4 R 3
B £S5 Bk 3 Fhde i B L A XF L R AT Lk
B, AR ST ¥R TG R AE R A R, BT B0 o
W IETEV B 0 FE AR A i o AN A AU L
To AT R 0 03 ep m] AR B, SRR SO e R
TN R AR G A o R 4 VR A L
HERGORT HEXNTFREERASCTIES
Cascade R-CNN"*' 4 Lt , 1 fig $2 7h I 3% A 1% 3
BB

®1 REXREHFHEEER

Table 1 Average recall rate of region proposal

RS ARjg ARj0 ARsog ARs ARy AR, iZ17H}A/s

RPN +9 anchors 45.7 53.4 57.8 28.7 52.8 63.9 0.09
RPN + 12 anchors 50.2 56.6 58.3 33.9 58.2 67.5 0.09

RPN + AG 53.2 60.2 61.3 39.6 62.3 70.2  0.11

F2 AENMSHEH mAP LB ER
Table 2 Experimental results of mAP by
different NMS algorithms

mAP/ %
T5 ik
R=0.3 R,;=0.4 R,;=0.5 R,;=0.6 R,;=0.7
0 NMS 69.6 70 69.1 64.4 56.6
Ceds-NMS!'7) 706 70. 1 69.5 64.6 56.8
Seg-NMS!!#] 71.5 71.4  68.8 64.6 57.0
Cf-NMS 72.1 71.5 69.4 66.3 60.9
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Table 3 Comparison of detection performance

ﬁ]ﬁ AP APSO AP7S APQ APM API
FPNL! 36.2 59.1 39.0 18.2 39.0 48.2
Mask R-CNN'® 39.8 62.3 43.4 22.1 43.2 51.2

Cascade R-CNN!® 42.8 62.1 46.3 23.7 45.5 55.2
AG + Cf-NMS +
Faster R-CNN

43.6 62.8 47.4 24.1 46.8 55.3

4 &

1) ARSCHR I T — P T3 1 51 5 09 ml A2
FEAE RPN, HOmE i AG 5B ok 00 H s iy ] A
GBELL KRG S RMNER £ . SEGITIEMEL, A
] F bR A Bl HE AN R B B RO AR S L 5
RPN Fil RPN — S6A5 (K P BRS04 05 1 L 1
PR A R B A B R T

2) B 75 A 1m] AR T3 T B RPN o B
gt i J5 A B 7 0500 NMS 5532 B 5 A6 il
O RGP 1) AL, 410 3 0 90 2% P R ST T AR A
T I T A R HERG L o R BT AR T i AE S 2
AR A TSR RPN A BT i o

L S R BT B T IR AT IEAN . AR

ik AG BRI K CE-NMS 533 o 2o A5 10 A7 i
B, (TS 98 32 BT U S0 i R 0 45 s i 4
T2 TAR A B B U7 95 i RPN A8 - 8%
DX T T AS 3 0 AR T 2 R E
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Target detection method for region proposal network with
variable anchor box

LI Chenghao', RU Le> ", HE Linyuan', CHI Wensheng”"’

(1. Aeronautics Engineering Institute, Air Force Engineering University, Xi’ an 710038, China;
2. Equipment Management and Unmanned Aerial Vehicle Engineering College, Air Force Engineering University, Xi’ an 710038, China;
3. School of Mechano-Electronic Engineering, Xidian University, Xi’ an 710126, China)

Abstract: Object detection is a hot topic in the field of computer vision. At present, object detection
methods based on deep learning can be divided into two categories: two-stage detection and one-stage detec-
tion. The former has higher accuracy, while the latter has better speed. In order to improve the performance of
detection, anchor mechanism is introduced in both categories. In this paper, Attention Guidance ( AG) mod-
ule is introduced in the two-stage detection method based on the deep convolutional neural network, which
guides the anchor mechanism of Region Proposal Network ( RPN), making the selection of preselected box
shape more diversified. At the same time, to solve the problem of false detection and missed detection in the
traditional post-processing Non-Maximum Suppression ( NMS) algorithm, a Confidence factor NMS ( Cf-NMS)
method is proposed, which makes a great contribution to the overall performance of the model. Experiment re-
sults showed that, although it has a slight decrease in speed performance, the proposed method has an im-
provement in accuracy in both the RPN variant and the existing advanced method.

Keywords : computer vision; object detection; deep learning; Region Proposal Network ( RPN); Non-

Maximum Suppression ( NMS)
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Fig.1 Conventional 6T bit-cell structure
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Fig.2 Schematic diagram of DSC word-line

voltage technique principle
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Fig.3  Structure of delay time control module
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Fig.4 Waveform of DSC word-line voltage technique
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Fig.5 Structure of SRAM under DSC word-line

voltage technique
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PR DAY, 5 A S 25 B SNM 2 7E 4 NMOS 18
PMOS (L Z ffi 2y FNSP) , i £ o 125°C 1 i ifik 5%
PETFIAE . ML S SRAM [ 2 & i T LI B
t, SRAM #3419 5 54 68 ) R B B 22, WM 4
FER Vi 5 T SNM, 1 A DSC AR 1y 2 Z5 il
LATLUE L TR ERER S S BE WM

PR, M SNM (1 4 26 A T WM (%) A8 £ AR
Ao AER — T (0.6 V), W 25 42 il R 1Y
SRAM #H &£ 4: SRAM, WM w] DL {2 % 18% ,SNM
I RAR T 4% o B2, 1 10 W25 2 0 R 1
SRAM ) Vi AT LLREAR T 100 mV

K8 K9 Fron Ay il BEAE —40°C , iR HL R
0.6V i, Johl B 1 12 58 SRAM Rl DSC -
LR R SRAM [ 5 B (8] A 32 B ] 76 4 [8] 1
AT, EH FFSS Fl TT Jyfft NMOS
PMOS & NMOS 2 PMOS Fl ML %I 3 Ff T 25 £
DSC EEARLEFLAT N, FERBELET & E S T
H U R Y 2o 3K R s, A BE T G B W B AR
SRAM , 5} B 4E 5 Ff TE AR B W N B, £
WA TZ AT ,DSC FL R4 R SRAM 195

B 7 1000 525K 2 i 20 AS 1% 5t 45 # F1 DSC 2544
2 Fhp A SNM FI WM i U5 — 1k v 1 A s 1) 728 £k
Fig.7 Change of SNM and WM of two kinds of techniques
(‘traditional structure and DSC structure) with normalized
supply voltage measured by 1000 times of

Monte Carlo simulation
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Fig.8 Comparison of normalized writing time of two kinds

of techniques( traditional structure and DSC structure) at

different technological angles under —40°C and 0.6V
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R AR A R BR HL R, 4 b T 15 48 SRAM, DSC £k L
JEH AR SRAM (2B [RI7E 5 Fh T2 R ¥4 —
ERE LR, R T2 M T ,DSC F 4 H
FEHAR B SRAM 328 [ 3 KT 6% , D1 fff T 4%
IR 6%

JRAE I E H ol 352 B U 3 R {HR R SR H
[ FE A SRAM £ 2 M A 2 [ R o 3K H H 1 43 2R
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SRAM il DSC 4R H 45 R SRAM 7E4 [ Vi LA
BAF LM TS, TR 1

B9 -40°C 0.6V TG4 DSC &5ty 2 fif
AR — AL W R FE A [6] L2 A L
Fig.9 Comparison of normalized reading time of two kinds of
techniques ( traditional structure and DSC structure) at

different technological angles under —40°C and 0.6V

10 125C LG 4589 Fl DSC 4544 2 Fh i AR 3 — ki3S
FETER A Vi AU R L2 AT BT b
Fig. 10 Comparison of normalized static power of two kinds
of techniques ( traditional structure and DSC structure)
at 125°C under V,,,y and

different technological angles
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#1 DSC FLHEERARGHMR Vi (<0.6 V) AL
Table 1 Comparison of DSC word-line voltage

technique with other low V, ;. ( <0.6V) technologies
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Van/V 0.6 0.58 0.5 0.5
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Design of a novel read and write assisted circuit in low power SRAM
GUO Chuncheng' * , HAO Xudan®, CHEN Fei'

(1. School of Microelectronics, Tianjin University, Tianjin 300072, China;
2. Semiconductor Manufacturing International Corporation, Beijing 100176, China)

Abstract: In order to solve the problem of read and write performance loss in Static Random-Access
Memory (SRAM) under low voltage, a novel Dual-Step Control ( DSC) word-line voltage technique for low
power SRAM is designed, which can simultaneously realize read and write performance and reduce the mini-
mum operation voltage of SRAM. Thus the power consumed is reduced. Write-assist implementation uses the
Word-Line Over Drive (WLOD) at the beginning of the word-line to reduce the write access time and improve
Write Margin (WM ). And read-assist implementation uses the Word-Line Under Drive ( WLUD) after the
WLOD to reduce static noise and increase the stability. A 256 Kbit SRAM pre-sim and post-sim simulation,
which is designed in 28 nanometer Complementary Metal Oxide Semiconductor ( CMOS) process, demon-
strates that DSC-SRAM lowers the minimum operation voltage by 100 mV, reduces the write access time by
10% , decreases the static power by 30% , and increases its layout area by 4% , compared to the conventional
SRAM structure.

Keywords: Static Random-Access Memory (SRAM ) ; low power; Dual-Step Control ( DSC) ; minimum

operation voltage ; static power
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