PSR TR S B

o AR B AR AT 2R B 5ElBe 706 By I



T E L

T E 5T

(JISUANJI GONGCHENG YU SHEIJI)

202244 H 43 % 4l
= /s

FEERERR
FTF Q 23] 5 U M ZR AU IR ZE QS o vvvveeemees s 25 vE, XK, R, THEA(901)
B R L e A DN xR TN (907)
& SRERA
NEV RGBT PR LTI covvvverrrerrrermr e AW, HEIEIR(914)
FETREAE LY Web IEZGZH A +eeererrrremrrreenreeeeees e ettt e e e et a e e W, BEETIR, 25 #0(922)
B R |l L2 1 = 1 S xOE, O, PR (930)
BHES5EZE
3T SURF B/JE&J& FLANN ILEEE%/% ............................................................ gﬁﬁﬁj, 7+'< 1:;[:/;, E;]E;é}%, T@%)‘((941)
D HEM R AM 25 A TR BB TR JTTE v eeemeemmnmmn e e oo e me et ettt B, DHESE, I (949)
ST W B BUMBUBITE SR ooveeeeeeesennsssnnesssssnns W, R, UK, 2 B, FAEAE(956)
Eﬁllﬂ:E@Ej(ﬁ{jﬁ{tﬁ/f*fﬁgﬁﬁﬁ?ﬁlﬂ@ ..................................................................... ﬁ ﬁ, *@fgg’&, %27;%:%“(962)
e T AE TE U I ST 1 T B AL A JT T wevvvreeermmeemmmmn e ettt ettt ettt T, BB (969)
SR TR K K2 220 ML (0 5 A0 DK SR IIL wvvvevmeemmemenmmttt e A2 X BE(977)
TR 58 P 2R 5 A HRAGTEL <ottt ettt e B, #9%9E(986)
T IR TR EE R G (R RIAD T JT B v eeeeremmmmm e et B, S (995)



%?WEE%H%@%*%%%&@%@ ............................................. I{IH%, {ﬂ‘ﬁzli, }/J\ ]][P, rl],fj ﬁ’ EE [I]}L(IOOZ)

T (B BUR G IOAT ARG T wooevesseeessenssnncnnns WoAE, R, E, BB, E W, E R2(1008)
HT A TR T I BE T HE FT <o evvvrvrrrrreeeessnonnnnrirrenesesenssinnnns B MR, X PR, B FR(1016)
HE TP Faster RCNN (/]8R BR SR AL v vveeeersnrrereesssssneeessiiteeessiitsaesssiineaeseiineaeaans Sk B B1(1023)
T AR ) GUL PR BT I H o vvessvessssnsssscsssssnisscicnnns BOM, TAEK, AN, BOI, M F5(1032)
LT BP P 028 1 B HE S IE Tt B TRITRLI v e vvveeeessnnnereesnnseeeessiite e s siite e e st e e et b, HIER(1039)
B T S 1l N A [ = 2 REBE, B, TS, AEEIUR(1045)

BHEEHEAR

S RN TL S B S % e S af L, WA, B, DA, &, SRR (1052)
ST LRI 25 B BUIILE ) CT M +ovveveseessnss s JAPFE, BRMERE, XA, X HE, BERRE (1059)
HE TGN T 1 8045 Niblack FIEBEFERRLI] ooereerrerremremmsnnee MO, W, PR, X XK (1066)
BT 2 N R RO R 2 B AR LB -oeeemeeeeeeeieeeee FRW, W, XISMS, BROB, R, E405(1074)
HT AR TSRS LSTM BYZNAETTIN  vvvvvrereeeeeemmmmioirtrtreeesenninitiriiteeee e e s e siiinnieeee e BB I5(1083)

BRERA

FETF Reformer BT [ SCATERAPHT  +ovvvvveeerrrsrreeeamssreesasniiie s e siiie e e st s e e T O, #E, TR (1089)
AR A 2K [ ZE BRI 5 BREGBETE e veeeeemeee e et e et ARARAH | LT (1096)
LT U SR U T B B VR AR SCZR 32 - vvvveeeennree e ettt WHR, B e B 91(1103)
S T IS A TR BE 2 AT 55 2 T BRI +evvemememmmemmmemeee Fhgig, £ OB, X1 OFF, M B(111)
HTA R ONN B SCAE RSN AT +eeeenrrree ettt B AE, b B, BEBZII(1121)
LT B LSTM AT [ i 25 BRI IR TR v e v vvvveeeemnreeeessnsneeeessiite e e s eiiie e e e ns e BE, B, B EFE(1127)
FIHI T VGG A2 3 BB T T eeeeeorrreeeessrreeeessiiie e sttt ettt TS K (1134)
BT AR > B BB LR FIMTT 18 -oeovvvemmeemmemmesenmese BN, EOE, B, XA, B E(1145)

TR PEIEREF YRR AL R TRBITT I covvveermmeemmmneeneeeens SOWEL, FH/ANME, FMET, X A, 2 B, ST (1152)



Al £ 4 S 9 3DCNN B B oo XU, f 3, IR, A(1160)

TR BRI 25 FE] 9 AT L] e vreeereremsensmsemseenssesensessneesseieseeenn. WEEH T B X B . frbkE(1166)
T R TR AE R AL AERIAEL] +erveevreensesemsenseeemsese s et ensess ettt R R (1173)
T VR 2% 3 0 A AE A TED et SOAEHL, BEKAE, MRS (1179)
FEENHA
AT O ARG I AR B RIE R GEBLTT vovveeeerreereeeneeieeees AE 3, RS, BRdl, WEARAE, AN R, TRUHE(1186)
HET T A Tnception JZG -+ eseseseseeeeseseessnsssiessisist s e Foibk, WIERE, B b, FACEL(1195)
% B A
= R/ D
/ W TR
RERE WO
ARF| K
* P E G EALEL AT (B 77 B — B A T B ) T
K AT R BT 5 A P S A R BH T e (o I 2 AR SCHE (R ST ) ORI
* A E AT (PR TIE R B Y2020 fr) xR T RSOURE B B ) KR T
o o [E RSO0 BT (o B AOE XA IR L) * S E[(FLF L) (SA INSPEC) J7 241 7
R ] v Ay 48 2 (WICT) 3R & ok 4 Tl * 4 Z T SRR 24 7% ) (AT of VINITI) 77 H 7
Ko (B A LR AR HHE B ) MR T * % [E (5 Fl 4 #1146 % ) (UPD) J8 # 71
o (A AR AT I 26 IR B (CINKT) ) s #4171 * = (FE R Z ) (IC) IR H 7

W A E# . CN 11-1775/TP #1980 # m * A4 %300 * zh * P % ¥38.00 * 40 * 2022-04



Computer Engineering and Design

Vol. 43 No.4 Apr. 2022

CONTENTS

Information Security Technology

Security of internet of things based on Q-learning and Bayesian game ---*- LI Yang, LIU Tian-ying, ZHU Jian-ming, et al(901)

Intrusion detection method based on attribute classification modeling —«+:«seeeeeerereeeeeeereneeeeeieieeeenee. WANG Jia-liang (907 )

Network and Communications Technology

NFV system cross-data center network connection management mechanism =«eceeeeeeeeeeeeeereeneeees SHI Feng, LIN Jing-na(914)
Web service composition based on sparrow search algorithm — +--c-eeeereeeeeeeneeees YANG Hong-wei, XUE Fu-cheng, LI Li(922)
IPv6 network optimization algorithm based on segment routing ««««-«ceceeeeeeereeeeees LIU Wei, HUANG Ping, SUN Feng-jie(930)

Software and Arithmetic

Improved FLANN matching algorithm based on SURF +e-ceceeeeeereeeees ZHANG Zhi-min, LI Bin, TIAN Lian-fang, et al(941)

Speech enhancement method for improving phase compensation combined with harmonic reconstruction — =«-sssseseeeeeneencencencenes

............................................................................................. CUI Lel s MA Jian_fen s ZHANG ZhaO-Xia(949 )

.................................................................................... PENG Yan’ MA Ling’ 7ZHANG Wen_jing, et 8.1(956)

Improved ant colony optimization algorithm for TSP ceceeceeeeeeeeeeneeeeeene ZHAO Xin, YANG Xiong-fei, QIAN Yu-rong(962)

Unsupervised feature selection method based on feature regularized sparse association «:«+--: BAI Sheng-zi, JIANG Ai-lian(969)

Efficient community detection using fuzzy k-core multi-granularity decomposition mechanism --++-+ LI Hong-ping, LIU Qun(977)

Improved social network rumor spreading model — cecoreerrrerereseienseii e LYU Xin-yi, HUANG Xian-ying(986)

Job recommendation method based on hybrid deep neural network —-c-ecoeeeeeeeeeneeneeneenenee. ZHANG Hua, PENG Hai-ying(995)



Semi-supervised generation model of autoencoder with Wasserstein diStance «+++«+++++++ss+ssssesssssersenmiuuitttniiiiiten ittt
................................................................................. WANG Jiang_qing’ HE Kai_jie’ SUN Chong’ et al( 1002)
Pedestrian detection based on self-calibration convolution network --«--+ QIANG Hua, LI Qi-ming, ZHOU Yong-jun, et al( 1008 )
Distance measurement method based on monocular vision for obstacles in front of vehicles — ccreereererreeerererieieiieiieieiee.
.................................................................................... GAO Wei-yue, CHEN Yu-tuo, LIU Yang, et al(1016)
Improved Faster RCNN based railway intrusion detection algorithm for small objects — «----- YU Zhi-qiang, ZHANG Ming(1023)
Crowdsourced GUI software operation sequence recording Method — «++++++++++ssssrsssssmmummtttiiiiitt sttt
........................................................................... HUANG Song, WANG Ting-yong, SUN Jin-lei, et al(1032)
Taxi-out time prediction of departure flight based on BP neural network —«-«+ecee--e- HUANG Long-yang, XIA Zheng-hong(1039)
Human pose estimation algorithm based on improved high resolution representation =««+«ssesseeerereeereererreaereieitieieicieieee

.............................................................................. SONG Yu-gin, ZENG He-dong, GAO Shi-jie, et al(1045)

Mulitimedia Technology

Batik pattern retrieval method based on multi-task learning «:coecoeeeeereeeeereeees ZOU Yue, PAN Wei-jie, LYU lJian, et al(1052)
CT image denoising using generative adversarial network with residual encoder-decoder generator «::cetseeserersreeeereeeieeeiennens
..................................................................... ZHOU Guang_yu’ ZHANG Peng_cheng, LIU Sheng_fu, et al( 1059)
Research and application of dynamic Niblack algorithm based on illumination impact factor —+ecsecseeseereesrereereerereiieieieieeee
.............................................................................. WEI Xing_kai’ JIANG Zheng’ FU Cheng-Xun, et al( 1066)
Image deblurring based on multi-scale conditional generative adversarial NEtWOTK ««++«ssxeeeerreerereerrereereaeitieitieieieieieee
.............................................................................. WANG Chen_qing’ JING Tao, LIU Yun_peng, et al( 1074)

Self-attention based multi-modal LSTM for action prediction «::«se«seeeerreesrrreereeeieiieieiieieeeee. MO Chen, SHAO Jie(1083)

Intelligent Technology

Chinese sentiment analysis based on Reformer model] +««ecreeeeereereereeeee WANG Shan, HUANG Hai-yan, QIAO Wei-tao( 1089)
License plate detection and tracking algorithm based on siamese network — «ecceeeeeeeee ZOU Cheng-ming, ZONG Yun-bo(1096)
Complaints and reports text classification based on improved fruit fly optimization algorithm «ecseeeeeeeereeerereerereienieiieieiee.

.......................................................................................... FAN Qing-wu, CHEN Guang, YANG Kai(1103)



Expression recognition based on adaptive reweighting pooling deep multi task learning —cecoeceeereesreseereeeererieiieiieiieiieiieiee.

................................................................................. WANG Xiao_feng S WANG Kun s LIU Xuan s et al( 1111 )

Long text sentiment classification model based on hierarchical CNN = «oecreeeeereeeeees XU Yi-zhou, LIN Xiao, LU Li-ming(1121)
Aircraft trajectory prediction based on conVLSTM :ceecevcereeneencreeenenee. LIU Long-geng, ZHAI Li-min, HAN Yun-xiang(1127)
Expression recognition method using improved VGG tag learning :«c-ecoeereeeeereeseeeeeees CHENG Xue-jun, XING Xiao-fei(1134)
Prediction of departure flight delay based on ensemble learning — «-+----+--v-+ LUO Jie, HOU Xia, YANG Hong-bo, et al(1145)

Identification method for likely metamorphic relations of Runge-Kutta program — «-«-csesererereerememrereereerrariiitieicititeeeees

........................................................................ WEN Shuang_hong’ YANG Xiao_hua’ YAN Shl-yu s et al( 1152)

Action recognition for water exploration based on 3DCNN combined with CroSS-entropy error — =sesesceseescescescencncencencencencenes

....................................................................................... LIU Chun—xia, GAO Qiang’ PAN Li_hu, et a]( 1 160)

Human behavior recognition based on skeletal spatiotemporal map +-++-++-+ GU Xue-jing, SHEN Pan, LIU Hai-wang, et al(1166)
Fine-grained vehicle recognition based on fusion of part feature —:cococeeeereerereeeeeeeeees ZHANG Jing-jing, LEI Jing-sheng(1173)
Matrix factorization recommender system based on deep learning «:««:c-eseeeeeeeee JI Jia-qi, CAI Yong-hua, GUO Jing-feng(1179)

Developments and Appications

Remote heart sound acquisition system Wlth real-time heart rate detection .....................................................................
........................................................................... XIONG Al, ZHAO Zheng_peng’ YANG HOng-bO, et al( 1186)

Reconfigurable design of Inception network «:eceeeeeeereeeereeeeereeeeees XIE Xiao-yan, DU Zhuo-lin, HU Chuan-zhan, et al(1195)



2022 4F 4 A AL TAR S %t Apr. 2022
A3 E AW COMPUTER ENGINEERING AND DESIGN Vol. 43 No. 4

FETER LSTM BT T 43 23 S5 Fi il

NAE, BHR, HEi

(1. # B %40 F.o, b7 100089;

2. W XF WA mBYBEEREE T EFHERET, Wl A 610041)
W OE. RETERHIE. #M%f‘ﬁ‘kéu)%éﬁ#%‘s AT RIS, AR R e R E LA ATE I, TR
B RAT RS R AERA, RBSBEAGTAMAEE, 5 A ME Stack LSTM Aok T 5 LSTM #9940 B Hid Tl A, A
B R E K BAE A kfﬂﬁﬁw&, shpy AdE RBEATAT I, AR AW, AT EMRLSTM $AL B Huisk FRm AL A =T 2L T m)
#9357 AR ZFE B AE 400 s W, TG T TR B AL 7T VA 52 ILAL S BB 3T 6 okE A TR
KR . =FRHMIE; FraE; MERE; REMDILML; ETRN; WRFH; REFT
FEZESES: TP311.13  XERIRS: A XEHS: 1000-7024 (2022) 04-1127-07
doi: 10. 16208/j. issn1000-7024. 2022. 04. 031

Aircraft trajectory prediction based on convL.STM

LIU Long-geng', ZHAI Li-min?, HAN Yun-xiang®"
(1. China Software Test Center, Beijing 100089, China;
2. National Key Laboratory of Fundamental Science on Synthetic Vision, Sichuan University, Chengdu 610041, China)

Abstract: The air traffic control big data were collected. According to the characteristics of the air traffic control big data, data
fusion was performed, and the improved clustering algorithm was used to process the track data. Models were constructed for
the obtained various track data respectively, which improved the prediction accuracy of the model. Stack LSTM and convolution
LSTM-based aircraft trajectory prediction models were built respectively, real radar data were taken as an example to conduct
simulation experiments, and the simulation results were compared. The results show that the aircraft trajectory prediction model
based on convolution LSTM can reduce the predicted root mean square error, which is controlled within 400 s, verifying that the
prediction model can achieve accurate prediction of the aircraft trajectory.

Key words: air traffic management big data; intelligent transportation; track clustering; LSTM; track prediction; time series;
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