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Abstract

The behavior prediction of obstacle vehicles is a key technology in the field of
autonomous driving. Long-term and accurate behavior prediction can effectively reduce
problems such as planning trajectory jumps, which is crucial to the path planning and control
of the autonomous vehicle. Taking obstacle vehicles around autonomous vehicles as the
research object, this paper focuses on the influence of presence/absence of interaction
information on behavior prediction accuracy, and proposes an improved interaction method
based on social pooling to further improve long-term behavior prediction accuracy.

Firstly, this paper studies non-interaction behavior prediction methods, including
trajectory prediction methods based on vehicle kinematics models and driving maneuver
recognition methods based on traditional machine learning. The simulation results show that
the trajectory prediction method based on the vehicle kinematics model has a good effect on
short-term trajectory prediction, and the driving maneuver recognition method based on
traditional machine learning has a simple model and a strong ability to classify and recognize
driving maneuver. However, the former has a large error for long-term prediction, and the
latter requires manual design of classification features. Deep learning can automatically
extract features and learn the correlation between trajectory points. Therefore, methods based
on deep learning are studied to further improve the accuracy of long-term behavior prediction.

Secondly, this paper proposes an improved interaction method based on social pooling
and designs a corresponding global multi-vehicle interaction information extraction
framework, which extracts all vehicles that have an impact on the predicted vehicle in the
historical trajectory time period as surrounding vehicles. The relative position information of
the vehicles and the predicted vehicle is used as a supplementary input, so that the interactive
environment is comprehensive and accurate.

Furthermore, the Multi-Modal is introduced to solve the problem of highly nonlinear
coupling of driving maneuvers. In order to solve the problem that the driving maneuver is
difficult to judge by the driver's subjective decision, this paper decouples the driving
maneuver manually. According to the actual situation, the lateral driving maneuver is divided

into left lane change, lane-keeping and right lane change, and the longitudinal driving
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maneuver is divided into deceleration, normal driving and acceleration. A complete
description of the driving maneuver is obtained by combining the lateral and longitudinal
driving maneuver in pairs, and a predicted trajectory is decoded according to the driving
maneuver of each mode.

Finally, combined with the driving maneuver information, a behavior prediction method
based on global multi-vehicle interaction is proposed. Including driving maneuver
recognition and trajectory prediction of obstacle vehicles, and simulation experiments on the
NGSIM dataset, the results show that considering the interaction between vehicles can
effectively improve the accuracy of long-term behavior prediction, and the model proposed
in this paper considers the global multi-vehicle interaction information is better than other

models, which effectively improves the accuracy of long-term behavior prediction.

Key Words: behavior prediction; global multi-vehicle interaction; trajectory prediction;

driving maneuvers recognition; multi-modal trajectory
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ARUAN IR /N ERCAE 1 IMU 53545 1%E3, BARy MPU6050 FEIRAY, A
B 3 4 MEMS FESZEAC. 3 fl MEMS DR THATA T & 3 Fis sh b #E 48 DMP
(DigitalMotion Processor) (] 6 flitE iz AL BRAA, AT DA 21145 21 = Hl iy 5 ) s
FEEGHR AN AR BE R, Wl 211 B, DI BETHRAESAE Y 1000Hz, FEMEAL I RAE
)y 8000Hz £ 3.9Hz, K HEAKKIRFEMFUE Y 1000Hz, Xf RS INE S B
BEAT PSR, R JEAR BB AL By 10HZ FEIRAF

2.11 MPU6050 [EH24%

W NEAEAT B R AT 7 R 2 R A AR, JF HINIE R T [ e AR 2 S R, T
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DU 2 vF (007 22 R AR A, DRI 7R AT AL bR e 6, K AL FRAR B 1 BI028 R FH 3%
PRARTR RIIN K HBAA R 22, BT AT 5 R 2% 18 T 3l BRI 52 Ra nn
B, FTDAANE R IR AT LA B 22 250 Ak, IR AR AL ) ) e, O
ARTR R )R RN 2.12 PR

ZZy)

P Y
Xh

B 2,12 BARAR R 5 KHIALAR R IR R 406 R

W 2.12 s OX, Y, Z, I E T/NEREAARALFR R, OXYZ N RHIASR R, » N
INZETE R HBAS R 2 R IR IR) £ o MPU6050 2 X 13 1 DL B Ins B (1) R4, B BRI R
DA H 2 SR BT, m] UG AT AR 0 45 VR AL B R IR A A1 BE LA A%, B TR AE S
K 9 B HUAN SR, WK AP B RAES AR 18 00 R 4 2 B Hcdl HEAT LT 4524

ﬂ%gum (2.35)

X o Mo, 73508 K I ZIBT R A BRI, BHIIR{E ¢, = 0. REINIRAE,
HT P A AR AR 2 1) 50 2R K I L 34T AL -

O =Py =

e b
{@}:[qmw mnéﬂ%} 236)
a,| |sing cosp | a
AL S BTN JT 0] BRI FE 7l 3 an T AL EE, BT 45 S 1) o7 B AR R KL
W—W4=%%;uAt (2.37)
S — S, =L2V“At =vk_1At+l[ak_1 +a,|At? (2.38)

A v AKISZIR PR, a, o9 K I ZI A0 [ BN RIS, s, DA K I 20 ) 22
WL E, At =0.1s JyRAFIN (8] [E]RE . 22 2O xy J5 18] DRI B Py 1 3EAT AL B AT DAAS 2]
AR A AL B AR bR, BIZEAMA AL, BAIRME X, =y, =0o
NTHREENRIREEGRBAX N, MRS R RE B A HAT ST N
xR AT R AR, R I SR8/ R e R A i ) R ) B kAT T
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CV. CTRV, CAHERIEIZ=TF{L
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----- CViR B &=
08 —6— CTRVIERUF % | |
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EHKDd
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() F BB AR AL
2.17 IMM-KF % A28 AT B 28 1) Fl 28R

M 2.16-18 2.17 H BTN 45 Rt — Pk, BT 2 iaah AR B R OR
ZUEPIEXS TN 28 SRS R S I 2K, AEREBL IMM-KF
M ORFE S TRINEE 46 = 38 B IR AS DL A A A TR R HEAT FUE T, 1 A= 5ia 2l IR 2
SLORIN ELIN ZIAR A, A5 IR T R 06 RN 1) A 0 A T LA ey O OR IX RN
BT 8 S A DU HAMIZ Zh 2R, s s RS AR RIS [H) AN 27 A R 20224,
(RS FACI (R T (3s-5) RN ZE, X2 T4 e K el A 58 T AR 5 &
IBZPIRES, M IMM-KF A 258 R TH Dy i R 4n iz s RS bR AE, 2
IR 72 M AR AN ER o

2.2 ETRGNFFEINEREERF

fegiblas o > FEONTIRE ], YR TG elE, ERME MisHidr
FAEZES: RO TRENTIRIUHE. Aaplas s WA - N TR i-
B 5 - A5 R TR 22 ST e SR S A\ -SRI SR -2 2 R 2R R AR SR XA
HLEE )TN EE R o TR 21 ] UL H SR IURFAIE, 1% Gebl s 5 > 7 245 & AR SE5a A
WU EWESZ, Bt S RAESMRKE TRAL, (HE 2 FAFERTAY, Baw
BRI 73 BRI ZE -

X B A 00 1 L SN T 452 A2 Xk 2R AN ) 2 ek S PR R R RA I, XA Eh T AR
AR - R AR B G AR, i DR R U T 5 50 E 2L, 12 N oRIMSC L
APEHT TR R 7 2 B BRI AR R . AN TR LS P ES 22
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ATREBATE R, WA T RAAERMER SR R EL S R, X
H 225 B R PR T BUR e Dy 23 SR AN Y, 5 HL I PR AR A5 fift w7 2K e U T B AT AR
TR IR

2.2.1 EFXFEBHIHBEREERAGE

SCRFAIEANL (SVMD & —Rig U0 B 5 S 50k, e b s KA B & AT
e HEABRRIKE] AP IGRT I, LA RIS IR Bl = 18] 1 R i K
I, 3R BN (SVMD MBI 72 2RT5VE8 logistic B, P4 R A AR A2
WG TS, N AEREA S B 7 SEF, H5AS RS IREA 2>

i

K 2.18 SCRFIENUS A B 702K

EREMHE K727 ANA, - Logistic [0 [ H An & 70 K L i RUL AT RE
TR IR, IR RTA RS EASEBLX — U H s, MM ONERIL S 2% RE T
P8 =, AR TERGR, SRR SEPR A ZRd R R R ER, RPN A .
SVM BB 5k Mtk 73X — vl e, 40l 2.18 pros, XTHEA B, AT LMRLFHIHE
HIG, WATFHRE, ERN T HBERT RO OFEA A, WASKEESHE, BT
BB RN AR, AR T EFEL PR IEL F LRI, AN AE P+
A EIEREA . T HHE T AR VE UL 5% C

SRTIAR 22 73 JE 1)l RF Ak 1] B AN ZRVE W] 70 1, HAEA s T BLALY — A p 4 1)
B, SRIBET I Y p—1 4E, AR AU 075 32 A% pR R (R GERFAL [ ok
OF B e, TN 0 H R, Ak 2.19 Bos, fR R s REA 25 ) e A PR 4k
(1, BRI BCR R A IR, A — A A e gE AR AL S [ A A R 21

30



8 L B N e e A9

e ® o DEBEFE
°

B 2.19 fIRZEAHRFAL [ 5 2] e 24 2 [A] A i S
1% BRI EUE U= BLop ()RR ) B F R 4 2 )X 21 v 24 22 (] RO A, B SRAFAE —
PMREK(x,2), FMERX,2€ X AT
K(x2)=p(x) o(2) (2.39)

A, K(x,2) AR R B e T EARZERATTHE, TR RAR B = 4t
JE, WIS B ARYE RSN 2= 4E 00 H B, Ao 1 AR 3 m 4 s 1 A v AR SRR
EPN:0]f

SRR ENLZ T 202K, T EIE S ) 2 00 KRR AL T 22 73 2 ),
¥4Ji& 777543 N one-to-one LA one-to-all 2, A AR E KUK 2.20 Fis.

‘ SVM | SVM2 ‘ SVM3

| | e | (%
L) \ )
L= N A, \
~ , =
CEEN (R (EED (#D |
\\1/ \\2 J \\_3/ \ 4 /" - =

SVM4 SVM5 SVM6

(a) one-to-one 7~ = [ (b) one-to-all 7~ &[]
2.20 one-to-one 15 one-to-all 7~ & ]

()N one-to-one Bl —XF—v%, HAMGEREBEMERFEALZBEIT—4 SVM 7
RAFRX A, B K AN SRR A 7 28k (k —1) / 24> SVM 732645 .

b))y one-to-all RI—Xxf 2%, HAMLREGEFEANFRIMFEAIT y—2K, HAhF R
HIREAR AN 7 —38, Bk A RAHIREA R BE ) 1k 4> SVM 732645

Ir R ARFIREAR 73 N BAT e K KR BUA RIS, RIS REAHT 1E 73 fe v () 7
AR FTRS N 20 BRI A BT RE A 200 o AR SVML 36 25 B 55 B 10 2 2R 00 K FH
1 one-to-all ¥ RAIE 7345
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2.2.2 ETREMOBEREERAMNGZE

R (22D & PhE WAHLAS 2 > 0 3057k . R 2 — MR L
JUAS BB R A LA G ORISR, i 2.21 s, iR A& s BINFEA S
B AT RARER AN B PRI, A S S AORE A SR R R I K ) 25 R A
FNT AR BT AR NI, B 2SI H N
R ENCR A ACRE ST SR, BVAREEOR WREAS RE T 5 .

Yy
Wiss

A
oA | s |
- '

e P E2 |
A J

B 2.21 M EEARE

R —FhE T if-then-else HIPEH I M, & —Fi-A B NS 7 S 5%, R
BT RO B AR REAT AW, BEAE SR W EAT, BARE DL I e R, R
TR I fUEL S OREA N [R] — 280 REAS, B RO A B sy, oof T4l B2 1 i
KNG B A R ERE AR AT ) BEFEASES D Pk BRI %A
AR LB p, JUAE B E SON:

Ent(D)= —Zn: p, log p, (2.40)

k=1

A, n SRR P TS IREASL, Ent(D) NAEGUE, HAEBR, W BTAE AR 2
L MR RTS8, B Ent(D) =0, FEALIEH S .

PREER T RE I AE B R S M Um i, (5 S0 st R AS [ 45 {5 B SRS
SRR, T A I s PR RS B 2 SRR, DURY RO, HAEH
PR FEA YR58 ko

2.2.3 (HAEXRRITEERTH

N T 5 R R TCR A T DL AR SCHE, BT AR IR 0 L B S i T 77 A 7 o
R B EHEEE NGSIM, e U AMAE R X A b SR IR E N B A T, T H
R 3s f9 P SR BEAT 2 Bk R P SR ATEI , AE IR U R R ol TR IL
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AR AR NRHIETC R, I H AT AR T lE A i A BR IE AT BN 1 1 0L, 3
B —LORERR (AR SEAT N TCIE AT A AW, BT DO AN RS DL B R R EE : 1) R4
EFFEINIIE; 2) 8T R EEFN E N (3s) ELARIE . X 5 R F R AR AR
ik, TEAFCM TR R I LN AR R R, SRRk . Sl Bhik fE rE
BAEREA NI 2.22-18 2.24 FiR.

BEE AR (m)
)
o

_2_ 5 M
5.0
_?_ 5 M
0 5 10 15 2 2 0 % ©
(5%
K 222 AAFERI R ERE
—_— kTTE
7.5 4

e E 245 (m)

K223 A ENTRER
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7.9 1

B e e e e e e e e e e e e e e e e e e e e  — —— — ——————

2.5 1

R B4R ()
=
o

T T T T T T T T T
0 5 10 15 20 pii 30 3% 0
L

2.24 HLAT MR E

R G IMLES 2 2] T A B 2 Sl s BB R I RE 71, N 1 ¥ b L R o
(I AAAR S BNRFAE, SRR R AL RS AR I B VR N REAE, RIS RSN ) P 5 S 5748
18 = A B IR R BBE R I B AT DA EH B m) A AR fON I AL 2 4938, By LI B g 1)
HEAS BAE AN AR SR IG I 73 SN (R A 2, 0] P SRR AT U T AL B
5 =Zin:2(xi_xi) 5 :Zinzz(yi_yl)

5

X ! y
oo on-d 2.41)
\7 _ Zizz(vxi _Vxl) \7 _ Zi:Z(Vyi _Vyl)
X n-1 Y n-1

A, n AL X AR AN EG AR A BB R ARHERL A D, « Dy« ¥,
v,, WE—AfAs=[D, D, v V]

TR R AR BRI FIAEARR B REEM R bR

(1) 43 KIRIEFERE

TRVEFEPE AR IR ZFE R, HnATn 8 A FETE ORI MG FE VTN o TRIEFERE ) 41
FORTIINZE], & FIH S BRI TN Z KRR AR E ;. SATRAFEARRNELAE
Fnl, B ATIREAR S HERTRZ A S .

P T R, AR AR 5 ) S8 TR0 S SR A A A R A R
#l(true positive, TP). fEIEf(false positive, FP). I Jzff(true negative, TN). {E {5
(false negative, FN)IUF1ET, Wil 2.25 Fiow, & TP, FP. TN. FN 43 3R HXS B
(IREASL, W) TP+FP+TN+FN=FE5] S5
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T4 SR
IEf B f5

RIAFERE

s | EF | 7P (EEBD | Av (BREHD
B | m6 | P UBESD | W (ARG

K 2.25 JRIEHFERE
IR RIREE T 2 0 28 I, R Faf B A i 1491 5 S ] 4 a0t B F) 7328
eI
(2) AR
AEFR (Precision) FRon T A H: — KB FEA b BSOS AFEAS I EL ], BAIE
BilkEA g, HARXAT:

TP
TP + FP

(2.42)

b, TP NIZERIERN R RBH, FPOIZERIAR IR BB H, TR
AR EAER, XA REA I AR SR E R AT
AR
(3) mAeXR
A4 (Recall) FR7nHE—EL S IFEA A5 E R TN iZ S FEA IR L], LA
EBIREA ], 2 3 T R

R=_1" (2.43)
TP +FN
X T EAEEARN A RZ, WA 2 ZRIERITT .

(4) F11H

FLERA—ANgEE e r, HSRIAMEER D A ESE, RANE - BELT, BifEXR
AR T AN RIIESR, WMol FLE SR SHHTIPE . FLEROK, 4r2K5
RO HA T AR

_ 2PR
P+R

F1 (2.44)

FEARUATFE A, 16 NGSIM Hifa AT LI i MME Gebl a5 > 5k i B AL,
AR ESCREELLI T 1817 s S, Hh A 800 2K ELEATBEHLIE, 600 2% /248
ERNIELL S 417 AR TG, T SVM J5i%RH one-to-all I TH 5%, B AZEI
IR T AN SR P B R AT IR ARE PSR AR R MEER T =
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HI 1] 2.26 A& 2.27 7] AR Y, SCRE [ EEALS oh SRR A TN 23 2R R AR AL,
HoAr 380 1 NBEZATRE, 200 2 NAEARIE, J9 3 NAARTE, HEATHIE 5478
Je AR TE NI 2 (A 3 R RAE U 2, T AR TE 5 /e AR TE 328 22 18] 1) 73 R R LD
XS PR 92 B 3 AP & S RO A TT R AT IR, DAREIN a0 AL RS 1 A6 A% A 52
WA NE NIy SRR 2B T — L B 24T B 5 AR TE T AR i A B B g ARG, e
AT B R b SR T ARG 2 A AT AR TE (W B A AT BB, T AE T IR B —
O, X T AR TE R 8], FREZ RIS ZE 0 S, BT A4 7 Rk 5 — M
O, N T HE— B RIPERE, SRAAST R B PR R AR BEAT 45 R0 o S IR &
HLUL K RS 1) 70 SRR AR P 1] 2.28-18] 2.29 B

XFEEENTN SR EEN D KR FERE

I 165 23 i 84.6%
31.9% 4.4% 1.4%
ol 2 20 175 1 89.3%
~ N 3.9% 33.8% 0.2%
£
K
=
5 15 2 109 86.5%
- 2.9% 0.4% 21.1%
82.5% 87.5% 93.2% 86.8%
N Vv ™
HEXHAER

Bl 2.28 SCRF A AL 2 BRI (170 SR IR IR HE R

REWTN SR EER S AR EES

| 152 25 10 81.3%
29.4% 4.8% 1.9%
5 30 168 2 84.0%
5 | 8% 32.5% 0.4%
#
#K
&
By 18 7 105 80.8%
- 3.5% 1.4% 20.3%
76.0% 84.0% 89.7% 82.2%
N Vv ™
HEHAEER

K] 2.29 R SPASEARY X2 2 P 1) 40 2R VR R
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anlel 2.28 A& 2.29 Fw, RIEFEE AR A 03 SR 73 SR IR A RS H L
LB FO 0 FRIERREA NS H 5 B AR H W E b, R RIRIT N AR, A
FINEHRER, e — DR TC R A KA BRI 7 JSHERR A, (UL AT ARt gl
FrR SCRF IR AL 2K 8 DL R SRR 7 A8 K- VAN R Fr 9 -

2.2 SR LA SR SR X 2 B P 0 SRR

R TR F1 AR SR R
FEEA AL 86.80% 87.73% 87.26% 86.8%
TR AR ALY 81.79% 83.23% 82.50% 82.2%

A1 B DL K 7 S SR AT ASE N EDW B4 T, SCRF BN 2 B ) 7
FRITEI o L SR SRR SSOR R B — 28, JRLRD: SR Al s UAR b SRS 1 5 S INIE & /M
ALY, BEARAY RN VL R BOE 4SS, itk 12k, HAIRTs iz e ae
715 MREM A ENEZE, SRR/ B 2B A R BT ARG 32
PREEVR,  PRSR HtE DL SRR R LR AR, SIS & KA 2 2

2.3 AE/NG

2 506 T Je R 2R A A L AT TR 5 535 AT T I, NN ER gy,
BT R AL IMM-KF J7i5, £ /N Jext RAmia s A R 2 8] i) 52 R AT
T U, SRS R = Fh 18 3 AR R AT IMM-KF R 45 3 DA K T B, 45 2R
R T 5 AR [ 53R X RIS T Py RS T A 5 (R AR (E XK ] ) 93
MR, XA BT H A 2 BRSNS 2 R MR PR g . 58—
i R T ARG LA A ST B R BTk, /N E SN SVM BIUR B SR
M EEEAT 7T, ARJE T A B 2 IR 2 MR R I RE J1, BT AEAT 1 1 52
PUE R IR, SRR, X TMEARE, SYM I SRACR B4 . 28 LR,
SR A RAE T A I 8] A B R AT B R, (BRI TR PN AR IR 2, XA
THARG AL 2 BRI, SRR IS B2 2% 5 M5 ik AR
ARG YL S ZRR RGeS, JF R ET TRIPRAE, 20 REFIEANI] RN ROR
W2, AR NRMET T, Kbl 55 TR 2 S AT TN 5 i34 X L, X
PN R R B PRAT D T i P A P LA R AT X3 DAAAEIR FEE 2 S T iR AE AL BRAT O
T i U LS, BRI 4.1.2 /AT
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FEAT DN BTN i 0 255 RS AR T 200 ] BBl 22 A B AR R A LR AR O R (1, X
RONFE AT B R rp, HA Al 2 5 2t A AR iz sh e SR = AL, A%
JEA TN 240 E B (RS BRI AT A R A e . BIR LSTM RA 3 MRk
KIPFIEES, (HENIAREMIRZ DRI M RO R, a4 F5eh, 2T
LSTM I EncDec #5243 Fl - T-47 A T , BEAHT7 24 7% 18 1 B 000 2240 (o e 45 12
I A 2 RE S TR 2R o0t L AR AR, NS5 2R AT LU M AT TN AE A R 54 175
$ v T L T R 22 K, B DLOE 25 8 ) TR 2R A0 P 2 ELOR R i 3 T 11 vEE £
o FRACIR T B A A Rl o3 AR T 2 A 1 2 B X IOR A R 5 22 AR A LI A B AR,
A Ao 50 A2 L DX 35 P ) R S AT BE A IT 0 A% K R AR s S AR TN 4 3 5 R ] 2 A
IAC ., UeRE A2 HL X3kl 70 WA, G 2 A o5 A P ) A7 R BF E 2R A 2 L B B
DTS E R . ARETIAKIEIRSITIE, X5 TS0 ) RS 52 57 ik 30T Bt
KA B I AN AR GE S I 75, el 1 A% iR IR Bk, e B0 4= T (1 $2 L

LHAER.

3.1 ETH BRI ETE

EEXF LSTM ANBEF RS A A A OB R R IR, D 1 B A ) =k
AZH., Fr A EEANE AL H VAR U R R RN S A AL E S, A LSTM 2Z 1]
REMSIL MBS, ML LSTM A77E 1 Bt o J T4 A2 it (0 P A% 52 T 7 R DR A 0 2 4
Jo BBl 2 T DX 38 9 SR/ NER R S A WA R RRT B — 250, A% RN e 2 1
TEAMESR RN, SRR B R ORISR PR A AT RE I — A B2 40, R
AR 3.1 From. AERXMERAETR AT A B ) 2R AR X R T AR A ) 7 B DL R
A 5 2R 5| AR AT DA e o5 A A AT Rl 20 B
=

L1 1
1
LI

B 3.1 FE T AR b K AR AE B v = ]
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22 T 0 k) 23 B WA, T LA 1 f BT 2 R ot AN 4 8 (X AR R 7 L
LR A~ 45 SN 2 0 Y TR PN R L 2 A 0 5, AT A5 3800F B 19 2 A R U5 S
oA EE, Al AR B A B R I DR A R AR B R R R, SRS
I A= 22 1

3.2 ET#3zsu#iZES %

BT AT R AR AL B TVRIE R AT B XA CREAZ i) Rl 70 g WA () 7 SR A
LSTM e R 2 AN AH R P 91 Z 18] ARG AR (1 DA, SBL 1 A TV A 24> 2R Ay
L5 B REER R, JFHAE LSTM A5 B35 o (H2 A28 (0 % 22 BT VA A7 AE
Ly, B, EALERAERIA AL AN, T ARE 2 DA 2R AT T A 4
SR A T B R P O R R o3 BT A, s DA S L B AR TR T A A% A BB )
Ol R S B AR AL BOR B AR A AL B, Al 3.2 Fhos, AN A 2R 408 TR )
XL E R RAFAE— iR 2, IF H AR A XA B 5 R0 AR K AT B I A B,
FI LI Ao b 2 75 925 2 g oK — S RO LI R 22

Ca

K 3.2 MRS B o7 vER R

=)

o HLI2 T A R 28 B 75 92 IR A T 2 A g SR B JE I ) CEA RTINS %D Ak 52
LX) o B 2 A AT SR, A AR R 28 AR VR IEBEAT 57 2, JRIRCH R T
I 2 te AT Bl R b A B R AR i Dl Bl AR IR AT B R rh, oA
ZEAPAE LA T RO AT B o, e ZE AR A N A R B A T AR K, (B
T AR AR Py SR ) B e I ) CARTIN 20D B0 A T4 4= ) 52 B 2% FE T
RIS X380 Y, BT BLIF AT R R 2R AN N foe 2 1) A8 LU T, B 7
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SEELTE F AT B S W O e ag e A RS B, AR B E B 2B B A B X AR, X s
WUR A2 HAS B MR AZ 5o vk, ik 3.3 Fios.

— ja]]

o [a]] —

W FEiies A ALREES
Bl 3.3 A% A 1 R A LA R 1 0

HIE R L, 3 4 St PR XA A2 T 7 VA AL AL B A B TR N 2> 30 FS 0 S BLAR S
FEA SRR JR 1 A B A EAR R .

32 A A2 1 O 6 5 B 5 VA A (R B, X B A AL 1 A8 L iR AT Gt
AR 75 F8 3 ST e J W 200 5 A TN 2 A7 A A8 EL ) 2R, 1T AR g SR I ] Vi
P9 i 55 R T 2 AR A2 L R A NS BLAE B 5 R, i 3.4 o, R
TP L7000 58 B A S UG LA T X b, 7R D SR TF AR e 2, Bt —t, 20,
TARO5 FAMAL T A2 T IX I SR 440 £ ., QAT B XA £E
Pr LB R RN Z0t -t + k. FRO5S FMQ/MEE R XS, FRMOmRAE
XIS s EZATI 20, FO5 QB E 1 P FAmr s B IX L, 1 %!
N TR X ARG A2 TSI U i ORGSO A B 4, i A = 92
H R EACEE ) A2 LR 2 0 TR - X SR Jo T 224

d

\
\

eI
Slimai)
o1 CID

oD
il

@

B 5 I*Ih t_l‘h +k {
Kl 3.4 Bt Bk E R

H PS5 B VA SR R F) Jo) BB 2R A, SR J) B 2 0 5 A T 2 A0 g Szt
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TR X L AR ILTZE s A T 2 8 LA S HL At 7 22 LA AR RTINS 3G B Y R i s, N T
fipp-he e T A 5 Y T A 5 L T3 % ZE AR O A BB A DX A R R oz AR R T SR I 2
R 25 A I 2 005 5 L 2 95 A I 2 A R AR AL B I S ) e e e e X 24 Ak PR
Ja 2 RIS BRI T ARG BE s RO ARR L B B AP A, W] LS4
KRBT BN E R R, PO AR A B S BEAFRHIEE R . Wi 3.5 s, A&
JIE T DA ROt R B 4 R B A S, PR CLEAS B AINRFE, 58 1 224
AV KT AR N B AR O, A 58 TP B e il L S 2 B A5

0 L, My >
(x,' -:y‘. ) ’m 3\ .
» ANNs ~ L
R
\ 1

(7. 5(")

Kl 3.5 A H AL S B A AL B 7

mE 3.5 s, B N THZEMZ (Artificial Neural Network, ANND 4[5 %1 (]
] PR L3 e DA R SR T A S0 2 40 (R B A RS AT 4R E, 13 31 %A B2 47
FPREFHEE S, BHIREWT:
e, = concat(ANNs(R"), ANNs((x, y")))

R = (X" =%y = y) 3.1

i=t—t,t—t +1--.t
A, n S A A A B A R R, (X, y) A A AR i)
HIAL B AR, R A BBl R4 n 548 0000 22400 2 TA) (RO AFDO A7 B AR AR, e, 9 FEL 4259 n 1Y)
IASERFAEAS S o EH IR T 38 Ik 5 B 20 PR R X A7 B o R 2 20 5 e 0 ZE A IR S 15 B A
B, SEMAZH, KR E RN RETEHE, P LA R PR A R RS S

3.3 X BT

AR PR AR AR AT e 1 A BTG 9k E R A SR A DL R AR T
RIS B, RN AR 20 B2 LS AR A7 B A A5 B AT iR AN BA,
PR R SE S BAZ L, RN R B2 R e, $RBUE R KA
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HICAZ g M Z (LSTM)  BL S B R 28 I 25 5Kk 52 il

3.3.1 WA iEH

Mo — e 2 A B T, RN MG R RIEANI Ry, BE
etk iz A DL AR MIE A K, HAME A 3.6 Pron, ARZethia Fosd s
PRACRSEHL, PR SR AR A 17 L

u,

3.6 fPLe oA S R R ]

mE 3.6 ik, o=, o, - o] WRENE, RTINS S 5P TTIE
FEHIBLEAR: b Ao AW E . X TRAMEu=[u, u, - u], EEIIT—
MEMeEAS 2, REELBIEREBRMETER M a, K, &HTAT
LR IEIE R A IR %, % H P Sigmoid B&%L. Tanh pR%L. Relu BB

3.3.2 £EEE

EERR R B A IR L 2 2 W 28 G5 K TR A R 22 T R Z TR #E T3 30, A%
JER AN RS BRI TA 4 SIE, JF B R Z e R 2 T 2 1R %
¥ J2 2 (B WA E R, i 3.7 s

xl xz xm

\‘I‘a' ‘$ \\7{7_ 4 “"L-./
g Ya s Y

K 3.7 &R R ER

Wk 3.7 Bon, WEME T2 MREE T ARy 88 R, SRama oAl s i
R AR AR R NI I R .
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HINJZ:

M = MTx 4 b (3.2)
a" = o(zM) (3.3)

SN T R I I Y N = IEC LT =tiaTee
R

A2 _ (2T, i) (3.4)
al? = o (712 (3.5)

A, a?=[y, y, -y ]IN%HERH R,

MR R RS, 2IERE T UHRHAGRHE, Rl it i f b 4i &
AR IFBEAT R SR A, IF B AT DL A N (R R 4R, DA S S0 R AIE ) B ) A0 3 T
1Eo 2, EIEENMAEMEWAAEESE, HT2ERED - MMETS5HEAZE
WU EM A o, JF RNl A v 2 B L L & S5, B PR
LM RGN, W LGB BN E A T AN A e R RO S s HE S, H
e MBLERBURIER KE N, WHlEWE2ERESHEZ, HASHIURIIN
B, XS HGE ARG, TTR S R HO G HE R Bred,
AT 2% S T S N T I 55, R EE 22 B R LA A R 2% S ) ) B )
FRWCER & AT 5 BB VR 7 2R 28 SE B 2K ThRe, Al BT A R th 2
=, PR, R A e U — e ek 2 (softmax function)
By gy 28 bR AP0 B FAE HAM N % S5 K T, FOREBEGRHIES B O LT,
DR FEAth e 28 I 2% AL 3R AT S 2

3.3.3 LEFRHEMLE

B L N 4% (Convolutional Neural Networks, CNN) & —RE& BT EIF HE
ABRBRE R AT 2 M 4%, RRE Y I AR EEZ — B, B - 25 )%
fERIEE /02 BRI A N a5 3.8 B, REHEBRZE . FREZE GBLED
IR DL R R
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S
(]
f
t
m
a
X

J\ J

—

\ J \ J
BHE AL SEEE WHE
3.8 BRAZ M 2R & E

GERZRERMPEME T W%, HTRIBEAZINE P IREER, B2
WS ERA —m 7 I KGR (KemeD) SE-EH 0HY, d  m &R I SVEAS 3 .

W

W BRI T LS R RE K (Feature Map) , o b — S0 R T4 N2 b (10 X 48 B
RIESZEF (Filter) o fESZPhnfdi A, JERE CNN BT SRR 2 —Fh 2-D HAH, Bl

T
PR32 B A RES RSN Z I xy J7 18] BRI S, JR AT R SR, XY
ERURMRFESRIURE 7172 B n] 22 2 Az S N 7S, FFAE T SRR BT T
s, ERIZE MR E R 3.9 s,

1?2‘51.2;‘é&.-::_k-—““~_“‘
L, 1.1 [
N IALA o TR o
res = ::-- k}l‘___]fn-‘kj?, ":,’
Kl 3.9 B FRER
GRS E AT Fros:
FUV)=> > 1u+i-Lv+ j—1k(, j) (3.6)

i=L j=1
Xrf, F(uv) HEBURE RIS 2 u /T3 v SRR RS Y, 1 (U +i =L v+ [ -1) G

NEFR U+ -7V + [-18IHuaE R/, k(0 )) MR iTTER SIS S EUE
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KNy m A 735 RS2 B 1 08 L DL K R L

WAZR S ERERDL, —REBEEREZ G, Wil 3.10 s, d5ERZEARAD
B RF LT L, HARNMRAIE I S AR R RFIE T — XS . b= BAE A O I 4a Rk
K, PRE AL, TSR AR kDT S e A 5 oKt AL
P

Fy T -l T

Ey | By

il R Wl E 11

K 3.10 bz HoR =

KM E s B A S PR,
Pu,v)=max(F(u+i-Lv+ j-1))
1<i<m (3.7)
1<j<n

A, PU,V) NI RHE B A u AT SR v AR E s, Fu+i-Lv+ j—1) itk
NEFHEU+T—LITFEV+ 1T AN, m A n 43 AR B 1 55 R UL % e
PR 2 B iE A X R,

m n

DD Fu+i-Lv+j-1)

P(u,v) =212 — (3.8)

X Tt Al 22 B IR EL, — MO U B BRI IE T R Xk, iR
SPERUER, o RS R SO RIS B, ATRAIES B AR S L .

3.3. 4 {EIEMLE ST IZHE M L%

TEI P22 P 286 i — P L B R UR B 2 S B0, 6 T A B A\ 0 HB AN o K HL R Ja 2
MR R T, IR, BIRPE P 2% S5 W 28 ARG, Bk
WRHG I )R, 5] AP N 4%  (RNN, Recurrent Neural Network) 331, RNN g
SEFERT Y BRI 3.11 Fros, TEM s 28 i vk b A A, % b — i %1
A5 B sl AL 2 T — I %1
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B 3.1 AP N 25 R =

RNN FJULEARRE A HP L L (K 2 IR B I, AP g i 210 B ARk 45
A G R A BT HIRAR, A R U RENZ, BB R A
A, B LSRR RS 1 URHT T S ST TR o RNN {REF R o
T AR Jeni (S BAEW S 25 B, SEIL TR BIREALL . (Hg RNN fF7EK
SRR T L, B4 4 i SRS S 8] B AT DR A5 S IR BR AR IR, RNIN AN B 24 S AH R
WG B IRE ST, N T R RIX — T, e S IZ M2 Mg (LSTMD

LSTM & — PR T 20 ) RN P00 286, 38t 220 55 0 1 v She i 6 A S0 11 i) L,
A LA ST RIAMBE B o FRVERT RNN W28 2 A —Fh 8 S aE U e 20, AL
& MEAARIRESEE, WK 3.2 fos.

™ TN
R

» -

A 'A

] 3,12 JEFR A28 0 2% 45 1 B 7T R 7
LSTM 5 RNN [Z5RIAHL, (E 2T HA B4R SRS AE B ARG,
I T AR N EL 2 R BRI MRS B EE ), 2 —FhikE Rk s
Tk, “T17 B — AN R TReTEERER— Sigmoid BR¥L, Wik 3.13 fizR, Sigmoid
BR BUR IR 4H MR A5 B — A 0-1 2B A 8Ml, k(s Bl & .

4

3.3 T EifR R

LSTM B =AT1745H), HAFS W 3.14 Fros, SHE8ET, ST
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11, SREEHIAI 2 ST A RS

3.14 LSTM W45 ttm i= ]
miE 3.14 s, EECHERENTFLRESERE, TENMEEADLRSER. T
2T A A5 R B B — A R ZeA N OV IRIS T 06, i IRAT 18 A 80 70 4 RS 13 J2 i 4
B, ZI i h  Mx , i —NE 0 3 1 ZRIMEBUE f a@pREsC, PRt
BE. 1 Fon “BRRE”, 0 R “FeER”, BELEDT:
fo= oW, [ht_l,xt]+bf) (3.9)

A, W, A b, 739l st ]88 e AN E A i 2

FABARE NG, MT RN RS E, e S TR T
Tanh BREL, 2B TTHAT A7 1% 7€ 5 B B A MRS AR, SN T T2 e B 45 2.
SR NS BB Tanh s — MR R Ct, BIMASPRE(E B, 185
ORI

itzo-(Wi[h[—l’Xt]—'_bi) (3.10)
C, = Tanh(W[h_,,x]+1c) (3.11)

X, WA, 73 AN T T e A A &, W 1T, 7350l A RS AR AS 7
B RIEEETHRIT LM ST 2 2805 BT RS B8, C, W
NC,, BRI
C, =fC_ +iC (3.12)
A REL RS N O B, AT AR N A R e JE e, Ferh B AR TR
JGLA S Tanh BRE, iZFRTCOREAM fr R, il TR T E Bt #873, Tanh
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bR B s 41 IR 2515
73 2 B 2 ) E

X, W, Fb, 4

GBI A1 B 1 2 R, #Et
BRI
Ot:O-(\A/o[r]t—l’Xl]+b0)

h =0, Tanh(C,)

359 i A 1T B A B AN e

3.4 2RFEXHEERIER

TR G
=R HEBUESE, 153

WP 450 (R A

K 3.15 &RE2ELHAR)

—— ——— —

| AR B S )
I

|
(2)
R LSTM

RH)

hist

|

o T
st LSTH -

|

|

|

_____ Y
\34\\63\ elle]

A

softmax
P(m, | 1™)

49

BT HUHELE

i

L% 1] BT 1 A HH AR R

(3.13)

(3.14)

B DAL A B39k, A W 3.15 frs e /2 B30 H.
e 2R e 5 > 38 10 5 P A BB 2 ) R B (R R A B B
IS
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ANSCHREH RS AL 3 BONE SR T S50 ] BB 20 45 A T 2 2 TRV RO AR AL L, X AR X
fr B 58 B R B R A 18R, AIA L PUL iDL B AL B R ARG
HIEHRE (CONV) S, 32RERHEE Bt R s R S a A
FEl - A A5 S it Ak 1) &, B B AR AR SE ORE SR ERAT 1) i o el 2 )
B RFIESS S

FEXT B RS R AT TN RE s 25 RE AR SN A 93 A BBl 2 0 ) 28 BT R R AR N
L, EONAEH 7R3 5 3E A AR R 20 2R S RES B L4 P Tl 2R e 1Y)
A3 FRAEE S BORAE B KR FE MR I A H S AT B3RS, [k, IEmvA iz
R DL 3 BB RO R AT O TN AR R BRARORZE, N B I A A S 4%
S v 2%

3.5 RE/NG

A B SR SR (R T AR ST I RORS SE LTI AT 1A, B AR RS TR
A, R T R T ARSI SR A BTG, R T A IR R
MBI, fa, ETHRMLEINED MR TN 13 2R 2 P8 G B
MEFRBUESRMIFE 2 o AR T PR BT R AL B ] AR I RS B S, A=
IR T A A AL L B R E R, AR IR R RN TR T RS
ZEAZ BT 9 TS A 1) 1 S I AT 0 SR B E
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B4R ET2REZFXHEMNITHTMERE

AW 2 T AR AL B RAT AT AT T OH5E, 4iRRY, Tiaaha
R T7 5 AR I FAR G 22 S Ry FTTERCRI AN, — T2 TRk B &
RIRF R T BN, 53— Jr R B T2 B G PR e, ERAT NAEAE 2 R AR
PR, I B2 BB AR 2R3 R o TR 5 210 T A BR AR 2 1 [ LR A R A R L,
FTLAEART T, p5ex 5T LSTM [ EncDec MIZS A BEATHIEFE, SR 5 I HAEAT
DTN ) 575 T ) B G R B A T AN IR A ELAR SRR o T HEAf A RS i, AR BT
BT 58 3 TR SO A H ALK EncDec W2, Hi H— o 284 (1 7R R 2 ) N 4%
B 52 B TR A SR S AR, A i R ph S B VAAS B ) 2R A
HAE E DR B T, JF B % &R LA, WUV Rt &t
PTR80SO PO 52 L e 72 Bl i PRl R ) ) R B 6

4.1 BT REFIeTREN

RIE S SR T, B T 2 R IRIARL S B A B A 5, T
AEE. ERE. R ABRE. SRESRREE . R 2R BIAMER
PSR, 5T I8 BRI AR b, R B 2% 20 T DB I 2 ) B R (A B SRk
MR 18 B R4S SPIRAS R AR X s AR M2 5 SRS N5
HAEL, PRS2 2] AT Lh B SR BURFAL 10 JE 75 T2 BT RFIE A 3 288 o TRIZ 24 2] 4%
HAT ZABUZ K2 2D BA 2 RO BRI, 10070 75 O R ST B i Al
AT DRSS S A B AR LA 1), 29l SR8l 2 0 22 I A AR BF (R B, (H A AL T iR
PEZE AR R RS o EA/NIT AT LSTM R THEAT 9 TN [m) i i i AR )
EncDec A, JfXHBEAT 07 LI S0k

4.1.1 ET LSTM B EncDec $&&!

ZEAPAT 9 TO0IN 1e E SE b e B SR T 1 R T R, B seq2seq [l A, RITAR Y
—NMRNFFI X RS AN P A Y P8, 38 A EncDec AR AL BE 2K 1]
o

$£T LSTM ) EncDec 58 (%00 AR, ARG S 10 12 Ao 2 I 2% 15 R N

FIA LAt P4, Wl 4.1 Ffos, RN P 91 I 4 D ] g 4R BE (1 &, RRo )
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5 A& (context vector) , FI-TZEHHAT AT in) @A v PALE b AN NN 245072 B AS B
B AR SR BRI & TIKE B, AR5 TR R Al B B N 2 e i 25 e A 45 21 Fa

Gt

I 3 r 3

( Encoder )— (ifoer:;tteox: Decoder )
LSTM LSTM

K] 4.1 EncDec #7457 [

MEEHIAA: X =[X, X, .. X ], FdioAy =0y, Y, . Y], HEKEX
MEURRA:C=F[X, X, ... X.]

Encoder: XTHi A 74 X AT AE 2 AR e, 4 H G i 5% A D R [A] 1B R OR
C=F(X, X, ... X, , SEtdd A EREREA s M, Hi2H T
b Bt ARt i A A5 IR, I AN TR 2 softmax PRIEL.

Decoder: MR H G X & C MDA LM Y, Y,...y, , REKI B ZIHy,,
Y, =9(C, V1 Yo Vi) BZHERE softmax B3 H TN

4.1.2 (FERSSBEITSERTH

BET IHASE AR PR B TR K BTN 2 0 ) B S B A B Encoder (4fids)
BEATGRAY, 1530 RS SO, RS R g 45 2 A (RS LA 2 2] Decoder (i
) TS, 132 A L, R E A 4.2 .

T | Encoder |
R T
[ s ||
Context
‘\\\\\\; Vector
‘ ) | Decoder !
TR Y <—

__________

4.2 EncDec HLZE FI LY 7 P

Hoerb, XU N BURERL 0 7 S, Y DA e A A

KU ERHE 5 B VRN 2900 NGSIM B4, iU US101 5id A B 1)
PUBHE, AEAZIE HEURIATIR T, ARSI AE =N BUR PO Eodls 1 5 hphik
— NI B B B O S B SRR EAT 07 FORAE RN 2R A SIS Tl . 5 5, A
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FZE 5040 5 1 FL AL RO S AN ZEA A0TSR 5K S I GREE IR DU 3 2 = IR 028 A5 2 R
W, HARAMNARE . AFE 513 BSR4 trainset LLAMAEE testset, PIAMEMIEL
P EERAH ], 359408 — A tracks SO, AR 5 93 51, X N 2R 44 5 IR E0ZE R 3%,
FARSE—AT M, B AT ML E AR, S AT NI B ALRR, n X R
Y (LT PR ML

MANPRRE: I RANT IR (3s) SRKRPITRK (5s) LA
(I AR Y R N, [RIRE DA B 1 7 SN R EAT SRR, IFTAE KO 0.1s,
TR AEL B 80 MR £, BEAL N ) ) S TR«

X =[(%g,» Yeog, -+ (Rt Vo) (%0 VO] 4.1

bt NP A BB USRI R, x N ZERAL B AR RS,y N ZERAL
BIAFR .
ABE R H ) T 0328 DA B B N B AY () AR B S A A AR R, BAR
Y =[(Xar Year)s - o (K, Yeoy, )] (4.2)

A, t TN RS DA K AR R L S B FR N ] 28 S

SPEEBUIE T 80 AN R SR F R RUCRFE B 70, FRIN (R0 A R IE AR
N T REW RAE B PSR IR S LK 5, K5 31 VRN AT 20 BRI R, R
FEJE R BUE 41 NPT SR, HAET 16 AT R S (B — A S a2
B, HA 25 HONARRESZEIE S, IIZELA RTINS FE Y batch_size Ny 128,
Al size ERRRIH BT ITE] 4.3 BT,

Fisthis .y
X1 Vi [
X,V =\ e
U ﬁatchmze \ | EncDec FnEiEs i ze
128 /| &®&) 25X 2
x: +12 y! +1 ‘
gl & X2 Va2 ]
BN ) [25%2 |
il

K 4.3 EncDec L2 FHEIMNAR 7 o K04 1) 1% o

R AR PR R R s AT B, RUCR A python3.7 T pycharm ¥ & #H1T
iR, M pytorch 1E BRI G IR FE = SINESR G B T 5, {0 B S200 == F 8 P o
51X 10801 2R ATIRSS 28 KT 5LRE 7, FRARAE AL I SRt ]
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AR UA B BESE P R B AL 1953 5, IS 1564 W4, Ml
A E 389 MR MBI, I &N B0 5 A ZE3E 1 AR A A S AT ZE AR R [ IR =
BT RISy, BARRI 7 RS PR U715 2.2.3 /N R I7EAMHEE, HLES S 2 B
H R0 A AR, BRI ZEA I AR TE AN, AR NGSIM d £ Hhoxf 42
T, WE 4.4 Pox, Hd 13 NEERS, RS 5ER S RN ARE, &
T G 5 Y/ IN R e AR T

' yat
A——
P S
K 4.4 NGSIM # 4 & ik = K
LI GREEXT T IS5, RN B B = P2 R g ade, o FL Pt s A &
T 2= (?ﬁuﬂJiiLﬂlﬁ 5 RSB 2 [ RR R ) #H AT Tk .

—-=— [hEshik
151 — RUE
== TR EE
1.0
E o5
L
b =T T T T T S e e e
& 0o
i;i
T -05
i
1.0
1.5
201 : : : : : : : :
N 20 10 0 10 2 By @0 5
hrafis B 4R/ (m)
(a) H. A7 B Pl ny A4k
051
0.4
E
=031
i
1]
P
01
0.0
0 5 10 15 2 5

piiak
(b) ELZRAT B b 0 3 22
4.5 BELLRATBREIT P 5 R
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/ (m)

o

HEEaL B 4

REE/ (m)

AL E 4R/ (m)

2.0 ——

NN - FEsE
1.5 S —_— RN
N e FRMERST
1.0 4 AY

2 -10 0 10 20 30 0
GhEi B A4 (m)

(a) A3 ASE AT T AL

0.84

0.4+

0.2 A

Q 5 10 15 ] 25
Bflal 4

(b) A AR TE FUZ T % 72
Bl 4.6 A ARTERN I T AR

2.0

—-— Bt
1.5 — kst
- FOMEHE

1.0 4

-0 20 0 2 % P P
HEHEE L7 ()

(a) e ASTE LA T P A0
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(IJ é 16 1|5 2:[] 2|5
Bfiel 5

(b) e AR TE A TN R 22
] 4.7 72 A3 B30 T 25 R
ot 4.5-F 4.7 ARG EATETE I Enc-Dec AR A U P 1 45 SR AT DL E W
i, T LSTM K EncDec 1584 7] DAFE Y SR I B AR f-4l 27 =) B8 ki 2 R R SR IR
FETIN B B o WA AE VI 2B B 2] B S B0 AT U T, 5 IMM-KF % EE, EncDec
B 2R BN Py SR () RIS BPIRASF EEN, AR E—IZIKRSE BE
5%, BT AT DABSELT 3 20 47 A I 1] A #0328 T 1T AN 2 21 IMM-KF — 6 7 AR K R L
it . HETRZ & LA, HHE IMM-KF, AEEREHNEZE FR k),
AN A& B A6 I TA) 22 el 2
555 2 BrhE T ARG S AR BRI T EAE L, B TR ) AT T
MITTERIAAE T AT ET TR ZR DL BT & AR, KO T4
PP F I TAE &, HERR T RMIEE S SRR B H i R B AT E M, RIAS [ (4P AIE
S5 niE e A E BRI IR o AR RS 7 S B AR AR R i, IR
AR E AR, TEBF ISR I 5047, BRI ZR A 7808, AL SibL
o S AT AT AR i
FESERT I AR T, VR 25 SR RS AT S AT KAt Bl S 4l 2k, AR5 1 FH I 25
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ARl 7 B T, 4.4 /NS R R 1) 1 2 gk B I A o =
JB TP RANELA R, MR M R FIE LA &, O 7 RX — I, 5l
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FENEB B, gt 5 B A S B S ey, Mle, BEATHIEL, (Rl 4 N B AL Aot
172230, AR B TR b 3O A B R AT T
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T H 1) o 72 AR Y o, 2R e R 72 T P B 0t 2 ) SR A Dy e 26 T i R 61028
oV, =0’ (4.15)
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el 5.6 fos, EZFAZERA, 2ERR M N 55\ 18 Fr 21 4 5
HAFL YRRy 32, R AN RIARX AL B S 7 SE B e SR T 2 32 451, LSTM 5
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TEZE 2 B U iy A, R LSTM e EZH G s,
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My

s n TR AR RN )P N TG 5 i AR R A B AR AR, xI N
S B MR B AR, yP TN 2R | AN TA AL B AR, yP SR
AR AR L B AR

25 W RO SE bR B2 2RI, 5.2.1 /N R B ) B 3 B3R AT 1 one-hot 2
i, P EE RO E A SRR E BRI R, AR By B S S SRS
X N 3 S 2 B e P R I R A R T RE R, N LS B N [1,0,0], TN 2 B
FIRIRBEE N py, Py, Py ] MIAREE p, BERFTBER K, £5 L, #3% pytorch F1¥) BCEloss (it
B B AT TN AR 2 ] ) — B A8 SO SR BR 0. A DAy 2 Bt i PR ) ) 40 2 bR 4
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A, N G 5 (0 S B P R AR, o, o PSR e 55 M
o, TR P o1 5, B TR A
it 0 B S R R I B B4, 0 i e B 5
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5.5 XELARBE R EHR

AR AR P T 2R 2 258 B RAT N TR AYE DL LSTM &t S 1Y, Frbl
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5.6.3 BREEIRAER ST

FE5.6.2 /NN AT AT N TN R R B0 AT T ARG AT, 2 RSP
th 45 SR T DL B A AR SCASE TR o) A [1] 25 B e PR B T (0 22 S AR K, DRI IR )
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I R HE R e AT b, IR 4.1 TR JE T LSTM 1 EncDec 12, 2% fE i [H
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U R E L e, JFH T LLOEE AEB 5525 B Bl & Skt G 5 i 4
i, A FERE b AT CASRAN 17 25 B i R A 2 B IR i B . Rk, AHEE T
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