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Abstract

ABSTRACT

Drone racing technology shows potential for a wide range of applications in both
military and civilian fields. In the military field, drone racing technology can be used
for environmental reconnaissance, precise strikes, etc; in the civilian field, it can be
used for disaster response and rescue, industrial pipeline inspection, etc. Therefore, it
is significant to study drone racing methods.

The complexity of racing environment presents challenges for existing drone racing
methods. On the one hand, drones may encounter uncertainties such as turbulence and
gusts during flights. These uncertainties are sudden and unpredictable, making them
difficult to model using probability models. On the other hand, there are advanced game
behaviors such as deception and intentional obstruction in multi-drone racing. These
behaviors are difficult to precisely quantify due to their complexity. These difficulties
can lead to errors in autonomous decision-making for drones, significantly reducing the
performance of drone racing.

The application of human-machine hybrid decision-making in the field of drone
racing has garnered significant attention as a potential direction for addressing the afore-
mentioned challenges. Effective human-machine hybrid decision-making relies heav-
ily on a strong human-machine collaboration relationship. Otherwise, issues such as
high human workload and neglect of machine errors may arise. Due to the critical
role of human-machine trust in coordinating human-machine collaboration, integrating
human-machine trust into human-machine hybrid decision-making offers the potential
to address challenges in drone racing. To this end, this dissertation proposes a human-
machine trust model for drone racing. Based on this model, racing strategies are de-
signed for both single-drone and multi-drone racing. The main research work of the
dissertation is divided into the following three aspects:

(1) Considering the poor interpretability of existing trust models and their failure
to capture the high dynamic characteristics of drone racing, a machine-performance-
driven human-machine trust model is proposed. This model can promote the alignment
between human trust levels for machines and the actual capabilities of machines. First,
we outline the characteristics and evolutionary laws of human-machine trust. Then,
current machine performance is introduced as a crucial evaluation metric for construct-
ing trust model. Finally, a real human-machine interaction experiment was designed to

validate the proposed model.
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Abstract

(2) For the single-drone racing, where uncertainties lead to poor racing perfor-
mance, a shared control strategy based on human-machine trust was proposed. This
method effectively enhances drone racing performance while improving the human op-
erator’s error tolerance and reducing their workload. First, a module for detecting human
errors based on drone’s trajectory prediction is designed. Then, a trust-based arbitration
mechanism is constructed to enable dynamic allocation of human-machine authority.
Finally, the effectiveness of the proposed method was validated on the experimental
platform.

(3) Considering the demands of sophisticated game behaviors description and real-
time computations in multi-drone racing, an reinforcement learning strategy for multi-
drone racing based on human-machine trust was proposed. This method can provide
real-time decision instructions and improves the machine’s understanding of the game
and racing performance. First, we incorporate human-machine trust as training rewards
into the reward shaping function. Then, we design opponent trajectory prediction net-
works to enhance the machine’s understanding of opponent strategies. Finally, we de-

sign experiments to validate the effectiveness of the proposed method.

Key Words: Human-machine trust; Shared control; Drone racing; Reinforcement

learning
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Xt 12 3] 424 Bristow 45 550 Jogk I I A LT FE 4 (1A, 422 1 7 I A O 45 ]
EREE T, BT — B AR5 B 25 6] R4 H DAL LL 7§
Wse, ZIETCANGES R TER R R EH R, SR IR oK .
Shin 25 POV AL S AL T B A S0, 0 e 2 ST AT R, 7
2019 4F: NeurIPS 2401 H F€ 3K 75 745 R MISE =054 . Wang %074
XTSI T L BE , 5 FEE BEFRERE 2 [ AU , 3R T — R B s mi
BUBFRIOTEL TALEIAEAL. MPC (Model Predictive Control) HLi ARSI A4 TE A
BLBTBIA AT ORI | 58 TS B R MR . Romero %159
Xof 2 T 4 B AN B 7240 R Bl 25 090 7, (048 T SR AL T IR AR S 1 1)
i, #2157 MPCC (Model Predictive Contouring Control) Tai /7%, Z VL% E
T AR B )5 AN SE PR R T 2, PASE LR TRl G PY g3 kAT . Romero
52 Jri £k T Receding Horizon Approach J7 AUl | s 8 RAEIA,, HHYJE T
MPCC 528, (dH:E e 2k st 2 i) 1901

UTLE4E AT (Artificial Intelligence) BARKHOERS , ATKRERY FRBLTE
VABARE] TR X R EORE A T I - — 5 T R AR 2R R 25 AR
G Tk LT, BN o AAILE B A8 5 55— T e 0 i 3 i 1)
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TR, REIEN B B 15 38 2 VR 2 ) LWL AR 8 2 S TR SR AR
I, (EJR P2 28 I ZRFE 2R A, [RIIHAR B2 >0 B A fRE A S i 22 4 A
FZ IR T T MU, 285 thdfe &1, Salzmann 45 (1 ) fif 22 9 45
WA TC AN B 28, K A B BB b, S2Bl T R 21585
R . Nagami 251621 2 2 HIB (Hamilton Jacobi Bellman) J5 % ANid & T 529G
AMLTE A, 285 0 25 SRl HIB o428 il ks, I BRI A sk = > ffi
PRI, S5E T B S R R 3. Song 21 g% MPC Jr ik
H L SUNE DA A SR AR B, 38 A e 28 ) 2 2 ) 2 B RN A 1R ORI SEER AL
1, SEIR T EE I RE AN AT 2RI 2 S 1 45 4y . Kaufmann 2504 I % 7 BT i it
M2 2] SETE AHLE 3 Y 3 2 3 (Point to Point) HESE, I ZRGEKF i 4E L 0 A1
AR D RZERIR , R R G URA R G0 A AR GE 2 5 7 AR 4 1l
A, SEIL TR S PSR — Ak

T B E SRR, AWUR ARy e AL b o B T ax
KA NREAE R Ll iE S Hlas B R OSRE RS &, DA To AL
TR R S RS TP SRR AERE , ROk, AR E Rl
P =S PN PSRZH, FRERRIERIRR, DAL B 4T e 3k
FIF B, Agrawal %V it T ABUBBRAHALE], AR AKA TR, 284
TRIE IR R AT 28 N2, IR T—HIR R @ & T — P inikE, HT5l4E
ETAMI N T TR Hummel 257855 7 — AN A5 5 T AMLHME
ZeR, BB A IR T LR ) TC AL AU AR5 B . FEIX MESE
N A3 300 2 L S A A i A% 228 (o] SR 1) e 37 IRIR BER), BEAE S XS T AL
T ERGE i R E B 2R G878 IR B sl 2 B o $84E S AT AN SEIA R AT
H HL A FR25 T SE T

2. ZNTFEEFIFE

MR TR E, 25 OE B D, ERELKE, F5 2L
TER R G (B2 FEEwil) WIS T —Le iR, XU PR T
HIRR AL b BRI E R LS AR R B 2 AL R, MY T
HIEEF L T — AR F T ANUARER 8. Liniger 2508 % feUe 2550, $5%
MY BRI R, T B A YRR TR
SRS PP RS SRR AN N34 . Spica 25 19VERRT 2 ki £ T AMLIE IS 5
HUCRHEZRE T A TE ANIZEF Y, B R s Ao 2 A5 M n Ak oK
it I A A A AT S PR R A AT 395 . Wang VOV eLt 3 4R
M2 T AZEHE, HIEX TR A, i kR A SRS kgt
¥Iffii. Schwarting 25 11| F PR EE 5 Ak 2 ) IR SE M B WL TE AT 55, (H 2K Ah G
EIHBAT SE % RSN, SER B RIBANLEE AT, Li S e g
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B, Wt T e/ E B AR SRR 4E f) (NMPC) A8, i FI
LAARZR, FFoE R B B AL B bR, BT IR AR O i
LOE R TR e . He %118 e 238 0 5a i 5t 410 JH BB 42 990 e 3
BT PIAPSE RIS, I RS R A2 R MPC 5 il g8 R ke, DARIUE RS
A HEPERE, SCPL T ORI RS . Shen ZE UM B L T AN ZE A 5, K
CPC(Complementary Progress Constraint) §" JE£|—2H o AHL, KAFRERE 2R Ak
WA, AR S TR S DL, (s DY e T AALREAS DAHAR S i AILB 1 58 4 H 0%
Il F6E , I AR RATH R 2] H A5

ANHUR AT AE L TEANERGSVE A TS, BIan Agrawal 27514555t
T ANGERTANE B EEE, RS TN ALEBER S B FE AL
HITEAL, RN, BT M AR IR AR o AR R IR T o Bk
&, KT IMURGHRFAEZ T AMZEE G PN A Z .

1.2.3 MHRIVRZE

1. EEEEEATHENEE. AEZEZTEVTEHSER, TERTE
AT EG=

o BUA (R ALBETU0 T HL s P AE 1 220 1 B A (R B JE AALSE 1 A o sh A 1
(EAEFINLAS PERE I AN A2 S VERC Y . B RN T8 1) 1 B %) i) 32 242
TESRALE A RIS, T A4 PG 2IPLAS O PERE AL (B andLes
AT S IERRR ) o X FHLEERE PP 7 YR A 10 T AL 24 1 2 B A 20
M IEAALEA S B SR, HLas i 24 a0 AHUE AL A R,
R BRI 1 R B 2 2 BB AT - S HL g 1 B 2 AR 28 1) i
Z=

o BEAETIATANZEER H i@ AR, $#7H ®ATReR, Rmila
(ELER VRSN o d R & vt e N e a2 I SR D P IWANE 24 O e 7t
(AT M R, AR R s 8 v g H (A AL A, Xt
TR R SR B SCBCA T, (EAR A AR B = S P E AR, XE
PAHI T IR 2emy il e de it

2. BHRER, HXAREETHSHEEARTMENEE, BERER

FEHEURR, MAAHNANBERRAEFALIEEXR. FTHERR

* TAHLE F5Cinf, — EIBRRBOEBR A E T, (N I iEsk R
A, X2 E PSR IR A B, MEDARRR . R T ALERARAE RS 4 X i
T ARG PNXITCAL IR R B AT AR, XN R — B BT e
SEICAMURIAT 2, PRI PSR AT, 3 Ul B e B, 2 T3 i R

« AR ARG 7EE T AT IR T NSRBI RR . 28T, — BR#EAE
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Kix, WA EEFECEEAL S R, HiL, NIRRT SR i i
G S DA RS, AN BORIR BE e 7 HE AR GH iy FLx 48 A
SRR A DL MR TR R K
3. ZIRER, SR THTEHREFTANLE, TELRIEEREEK
o ZIANTEEA, W . SO PHAE SRS IR MR T A B T T A I £ O B
B RN, A AT RTA R 2 (SO w8 b o il f3 14 S A
HI 20 TR TE X FIRI ST HER S, AR H B IR R
8T B PR SR E
o ZHTEEFRRZ MM IATEIL, R RAENER, YA 2 ZHLTEHE
R EhASEOR . ZHTEHA eSS AX BT, Ht BRI Y 48T S 5e i,
IR 22 LS R (Y SR 2 M AT T BRGNS i T AL 3, AR T TE AL
SRR, IR A LT P 4ET o

1.3 BXTIESERRH

ARATE REAET I ANMUFAER AN EE S R, Rl R 2, A
SCHIBFFE A AR AL LG

1.3.1 BXHARAR

X123 R BRI SEA 2, IWSCAABUIMERI R BE &, R AETTEIA
BT AMEE Y i USRI AEFIL Z R KRR, LA IEFIbL &
WL AN, ZSRTH T AMISEERCR . BARAREDA T =3B A

o HIBFIA AR R 2E . RAEZI T AT s SEAL, $RIE T

PlasEREIKEN I AU B AR APLE TR0 P =0 7 AL

AL A BRI A SR HR, SIS a2 B Las P fE

AL ETrz —, PR ENLER RIS ) AL RS, 251 &

PEVER . B SRR B SCRIAR R e A, LA B g n] R ik

T T S AR S0 R B0 ik i B R AR A R

o BEXTERMLTE I A AE A AN S PE TS JE AL S R AN Y A L

feth 7 ET AHUS LAY AL SS I S il S . M SRS AR

TENPUBE TS, A KRBV ER R , BT Ik AN SSREB5A2)

SO RATH, RTF AR R HAK, WELAABUFEAE R AL

BRSNS BT, ST TRANGEE ITRER, RN PR AR TR &

Jei s AU SR 6 Bk B 75 iR A R

BRI ZYTEES R A E X TR T N 2N A SR R R R, 5
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BT AU AL E R A~ > S o 1 JeiseiT ey > Rl i ki
B, HAWUSER LSS s 2= IR, iEVLASBEARIZE, 51 hLasfi
AR R, ARG Uz i 9 28, ST X A SR LA
ARSI V-G _EIUE B I IR B R

1.3.2 ARG
WA REME L2, U E, BRI

4 I
it
(13
- J
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GBS ST
(230
o J
1
BLEE LA 1
B
(5350
| /

1 |
BHLIE: T AN LY BT ABUEER
e S ] JE kG
(430 (57)
| |
!

B SIR
(630

Pl 1.2 RSCdlgishie

HLE: . N4 TIRSUIPIIIE S, B TS EE 5 A NLE
RIS S o RT3 AU AEAM TS AN SR IR T AR 4G, BT
A DI PAFAER AL, 45 eSO T 2T I N A AL A

5 27 ASCEERIRIR . A2 TIE S0 BB B Al B DA S B — 240K
Ik, ALz @ ARG BERFRIE, WE I NR2] 5
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5 3 F: MlgetEBEUKEh I AHUFAERI. #F58 TAE T APLsa g 5,
B AT AR AT RERY e UEE AT K- A LA R BEZ [ Y DERC . BT 258 4
TR 5 MATTHRERHER Y —, S 4. SHERE - &L, BT RS
BT o

o4 BT ANUSER BAPLsC RS . OF58 TR s, FFASE
BAEE TSNP ] 2 5, Ayl S N S B AR SRR 52 i LA S A eg 1) AL
HMEESEEBCRATRI UGE R I, ST AR SE R, BRRASRM TR . Ak
CE NSBAR R RGN BT . 56 3 AP A EAL AL AR L . AL SR phaiseit
RO E S RESE

85 F: BT ANUSERMZHTERNG . UHT TEZSHIEE R, A
I MUFATSE TR T3 A R TR B . AR GRS 3 P (s
(ERUECESREN (AP~ WG R EEEREUE S /b 20 i 67 a 2N I s 7 BT TR e AN Y e
AMNGHER BT BRI SRIES

F6E: HEEHREE. MBS NEUT AT, 2 TR S AR
AR, PASE— A et Iy 1]
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$28 HXEHMMR

ARFELE PR TR IR LSRN AR SRR . B, M TR ANIARAR AR K
Hazgh=A 8, HUGRie S M AUR AR e R IIE 5 fJa it iz 2
TR 7 ) 5l ST SR o

21 FTANEMELI

21.1 FFBIRE

TETCANBLR G, 3 R EIA AR R, 73 BIFRZ 9 AR AR R FIBLAAR AL
AR

i S AT 2 PUEARR
0 L __
YB -k s ;
Yy
X
E XB
Z, Z,

Pl 2.1 JE N BLA A 5 A bs SR FDL A A b 2

A ARR R 2 — PP E e B AR R, MR ADURME T — 2 mE R
&, TR T AT =225 (0] P AL SRR, DA AT AR R -
WUTSAE. ANE2.087R, A AR R NED JE3C: 1R 100 X Rip IR 77
6], IR0 Y BIED I, EIT RN Z R T, AR AR

PLA A R R BEFE T AL LR AR R, BRI TRETAIE B ES
(PRA . TR %G . WD) RIPFME RS (Jn IMU, B eaos) SRESIEE, X
SRR SO T TR AHULAS B s 2. AnEI2. 0, LA AR AR AR 5 A TS AL
O AR AL, RN, (AL RATRIRTEED 1) o X Rl IE D7
6], MUK Y SR, RERESEE S SOy a2 SOh Z 3, AR R A F &R .

13



2 E MIRHEAIRIH

21.2 EHFEE

H1 T TRAAEAZ S R KB AR &, PR S 35 Z 1Al
AR K Z2 o TEAALRYHERE AR R 0 H HIRAE —FH Wik X &, R afpA%
ZVSk

R = R;(w)Ry(0)Rx(d) (2.1
Hr Rz (w), Ry (0), Ry (¢p) FhAF
r 1 0 0
Rx(®) =0 cos¢p —sing|>
0 sing cos¢

cosf® O sind
sy Ry@® =1 0 1 0 | (2.2)

—sinf® O cos@

cosy —siny 0
R;(y) =|siny cosy O
0 0 1

Hodr, M w, T 0, R EEF & 0 BRI ZY-X DT E LSS H (FE
2094 ) « SRR DFIRGE Z ekt w R, SRIa5e Y Milehs 0 AR, i
JET5E X Bl ¢ R B AR e A0k «

M p =[xy 21" FORTEANOE R (HFRARIFRT), v=[v.0,,0,]"
FORTIMBGHEEZ R (WUABIERT), 0 =[¢,0,w]" FRTEAIUINES
Wi, o= [0, 0, 031" FRTEINAEERE WUEBIRRT), BTN
BB BT R RN -

PI_|R O ] lv] 2.3)
(0] 0 W| |l®

Horr, W B A AR B AR TR # o8 B2 22 1) ) A 8 R -
1 tangsiny tang¢cosy
W =10 cos y —sing (2.4)
0 sing/cos@ cosg/cosb

TE/MESITE LT W o B
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22 AWEEERE

FENHUR G ERERG T, SHEGENNUMMEAR TR, HiE R RA
PLEs A T B E TATEhRE . R, 7EXRAGH, NESHLE R T
B A E FHERE, AR SRR B RURCH T o e, gt
SRR RN A R AR SR R0 BA S h s, RS —F T4 8%,
{EEBLAN A2 AR ST B A G — R 7OV ik BURAR Sck o767 etk —
TR, INF2 TR

F21 HEEBRANRHSES L
e S At Sep
RN THEIER o o
AR ORERREE wh o SAELE S
AT AR 5 SR AR
WO IEA PR AT AR
FOLEH PWRETIONARDL, TAH % L, G
SMERBLZ SN T AU
TR, AT, _
TRl AR A e SRR S T
B AU
e o e Sl AL i ey
s G T L AT i, ik
A LI DRI st
AT, e o L T
mitek AR b RgskE, Uk R TR
HO R R o gt
23 REF
231 REFIEREE

RIESE ) @ — PP N L2 Mgy Lds 7 > ik, HoR O e T #

LR AR, MR T B B ARG ) I TV
2 SYRRCIRAEE ST Ty, (2 BERS RERF B AN IR . B SR AR AL
B 2 U S, N TR0 R N T2 R LB TE, LA
2255, it y AR

y=fWTX +b) (2.5)

Hrp, X FoRfAm, W AR, bFonmER, [ FRMITRE. X
FLEE VR S K B — LR R AL
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e sigmoid pR%L:
1

sigmoid(x) = T (2.6)
e tanh pRZY:
tanh(x) = &= @2.7)
eX +eX
e ReLU pR%L:
ReLU(x) = max (0, x) (2.8)

2.2 AN TAhgoss b

MM g2 2] A AR AU Ty, B RaE A =ML AP IR
T PCHT AE IR By, THE I8 S brdi s YO ARYE S bR AN T H AR AR
PR REUE ;. e, 18 SRR SRR TR M 28 240

TR 27 > HE S [R) S0 sl A A (] 7 I % 2R A, 91 2o e 45 10 030 1) 46 AR A 8 1)
2% CNN (Convolutional Neural Networks) , B 5504 4b FE 14 16 35 #4048 W) 2%
RNN(Recurrent Neural Networks) , 4= il %41 % 4% GAN ( Generative Adversarial Net-

work) %, BT T RNN W% J52e0%F RNN J 28 3-47 /14 .

2.3.2 {BEINHZNLE

TR L7 > bR [R]F7 ) [N, , RNIN ) 2 W YA . RNN BETEIT 7
Bl R, FER T H NSRRI ¢ RS A
AU M BT 2 ¢ P ARHE TSR, BB E T RI—B 2] 1 — 1 RS E R (an
FI2.3[17R) o« X AL RNN Gea% 5050 FI DT 25, 50T 4 i 204
NFHERL GARBUE SOt L, AT ZERRAR I3 2078 B A B

TEPRFRPRZE M 2% (RNN) o) Bg—ANEFE2E ¢ ) BROIRES A, 191 B0 5
TELA T A=

h, = tanh(W),.x, + Wy, h,_| + by,) (2.9)

Horfrs x, S M EIN 2P AR A B . Ay 2 BT RE A BBOIR S 0] & . Wy 2
M A BN RUZ B R R . Wy, 2 BB B B2 B0 B S ARSI E AL . by
Je B2 B B ) B tanh SR XU IE YRR &L, — s A0S sR AR
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B2
D "
Lo |
® ®

RNN —

RNN

B 2.3 RNN JEAMIZ 450
Ak, kB ERTTEARE:

Vi = fy(Wyph, + b)) (2.10)

Hodrs W, 2 M BREUZ BN 2 A AERE . b, R R E N . f, TR
i LY 2 AT R

KA M 4% LSTM (Long Short-Term Memory ) & —28455k ) RNN [
2%, HEINE2.457R .

] | |
: LSTM :* LSTM :: LSTM ::
! B — !
® € o ¢ ‘
f;‘ l}% % tanh
—— o Lo [ o =%

B 2.4 LSTM JEA I 451

LSTM AUIIEIZTT. HIATT. S RS THUH, AR K P 5
PhA. RIS B, AT TR R TR AGUAIZIZAE, T
AT T FEIAT (58 400 T AT AZ B TE P A A S T 1 o . ot
LA B TR R KRB, I REA MR REN 2 PR A 5]
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28 MR
LSTM [§4% b HEAF 32 000 T -
fy=oW,lh_;;x ) +b,

i, =o(Wlh,_;;x,)+b
o, =oc(W,lh,_;x,])+ b, (2.11)
¢ = froe,_ +ietanh(Wilh,_ ;x,]1+b;)
h, = o,otanh(c,)
Hfr [h,_ s x 1308 t NZIEA x, 5 E—DERITHY REURES h,_, . 0 72 LSTM H
JUHRY sigmoid 3% %L, o #/8 Hadamard i2%5. i, 0,, f,, ¢ 53 HIF2/R"EE1 LSTM
BOTHOHIALL, ST, ST KT T. W W Wi Wy 15 b, by by b, MR %
15 ) LSTM BEHREA RCH& 079 v i JRL I VAR AIE o T 4 5 0 o 387 g A7
SR AERABE . BLAh, 25T LSTM SR RIVETE, AH LT S0 A i e J A
A, RPN REH LR RIR T, RERSFETHIIZRRICE,, 54 v SR T IRy
[EIRIEESE
RNN [ 2 AR 3 by AKCH 4 HR BN ), A7 JURP S 2R, T 1&12.5 s -
o BT ALPRARRY S A BT S A ST
o ZX—Ip5 MRS i A B ACESR—AN AR S
o ZX Y5 IO, B ACK 2 SR n] AR R e S

@_,
@_.

() SOEENCHES
0 & s

0

Rfm

v
oy Lo [m
LS GEST5 EA TN 5o, EQUEST5

Bl 2.5 RNN 75 WA J LR 2L

24 BEHFS
241 BUFEIEKFEE

R it #: (Markov Decision Process, MDP) 2 fb2% 3] il % 0ot
A, AT RAAE— RS a2 b, BRI A A R SR o R AL R
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T 1) 551, MDP HA R A T2
* JRZZS[H] (State Space): ] S Kz, B REMA T DATEH: ki [Ty 1) i A ] BRARAS
H£45.
* 1787301 (Action Space): H] A Fox, B REARTER RSN W] DA ERATHY
IR ARl =
o HEFZHESR (Transition Probabilities): FIEY 7(s'|s, a) Fn, TEH EIRS T REL
FATENG, BRI — RS X s @4 HPRAE, a 2R
WiTsl, s & T — DAl ReReRAS.
« Rk %L (Reward Function): il R(s,a,s") , MEREMARTARE s T HAT3I1E
a HHERBIHOIRES 5" B 1520 i BT 22 J5) o
* JrdnA ¥ (Discount Factor): ] v F7s, JEHIAE [0, 11 Z 18], FHRAUE Y
B 5 AR I T2 . R K 2B IR v i e 5O
Ht, FTPAH— T4 (S, A, P, R, y) RFER— MDP,
SR 2 > S A ) TR P B RR RN BT ) S R A T A L, ARIEEREE S 1)
WINEVRE | O R, SR R SRS A

S. =3¢

m(a;ls) =p(A; =q;lS; =5s) (2.12)

RQA)E SCRIERTE R s; B, RIEIE a; BIHER . B REMAY H bRl & i e
A BT 2. Bk ) B BRI BT 2 b
R=Y7R, R, :SxAXS, —R (2.13)
=0

QA BBV R, RSB R ST R AL
T IR0 ()

7*(s) = arg maxE, [Z YR, | Sy = s] (2.14)
t

B, GIARSERE V () SIEEREL O, a) RIS 2T 2 il:

V7($) = Egnias) [Es'nr(s! s.0) [R(S- a8 ) + 7V (S]] (2.15)
0(s,a) = Egrorsri5.a) [R(s.a,8") + 7V (S (2.16)

WX TR, BREAR SIEAE., B ) BRI RNG 77(s).

AnAiT=g o) B g e SR e i A ) U R B, ORI, oA A i AL
S FENT LAY g = SRR R E SR A I Bk, B R U (A e
W, AR R RO SRS UEA TGt o 25 e BT SRS A S, i o P SR o A
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n(als), HEXRIEEAEHSEUE, iERERRIHER K F=FMERaE
WASKIS A, BHPRZ N Actor-Critic HEZ2, Actor ] T-114585K0%, Critic Jf]
TIFAHE . BB ibE 2] 2 AT Actor-Critic HEZRRY, I JE2E4X
XPET AC HEZEA sk 2E > Bk T 4

242 ET ACERREUFIFZE

Actor-Critic SRR EAEE 1 Actor T 5 IS B #r, Critic 7] PAXT Actor B8 HY)
Jrml. PgSEE TR A . RIS R AROA.

T e SRR BREL np (—IRATLAH— MM L8R, IR 6 @M 451
2450, M v FoRERBIRIRRNPLE, R(r) FonBll © (3, p(z;0) FoRpul
o IR . PR RB AR Y H AR ek BT AR IR N -

J(0) = E [Z,.p(r; )R(7)] (2.17)

sk > HARst & B A 6 15 J(0) K. X ut@— AL AL ik 1m g,
1 o WA B AT A |

Opew = Opta + VoI (0) (2.18)
PR, % 5 S5 AT 2 X Vo J (0) BT, AR4E Schulman 8O0 it 5r, 5K
WAk i ] DA B R X

V,J(0)=E [Z @ V,In ﬂg(a,lst)] (2.19)

1=0

ERQ19H, WIAH A ER S 2R, —i2 Ve lnzy(a,ls,)
, XS mg HEHH KL, FoRm2S8 0 NERITEX N IE, HArKEL
AR 75— @, @, IETURIR/ NI E T 2488 0 i ALY IE 107
AR /N ATPAF Hh @, SR S 1 X 50 M 2% mp SEHTRYIE A . 1 @, 1)
AR L Critic (— Rt —MrEME) 25, — AR AC HvE 2R H
TD-error 13 @,:

D, =R, +rV(Sii) = V(S) (2.20)

Hrp, V(S fiiig—> Critic f%%, AIPARE I TD-error A7 SH0EHT

Hi, HiFL i) 5k BT AC HEZLAY, 41 SACBY (soft Actor-
Critic), TRPO!®?! (Trust Region Policy Optimization), PPO!33! (Proximal Policy Op-
timization) 4. YEiXLERyEY, PPO BERTHE SRR I ERAL, TEIF£2 0
AP HASRIFRCR , FIGE U 77 PPO Yk, W HE AN,

PPO 55—t iy AC 553k 22 I HE T SR & 37 7 vk b PPO SR JH I %5 bR 2K
A(spa) = O(spa) = V(s) VR @, % IERMEHTY, PPO TEIME v ) H
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FRER R -
JEHP (@) = E [min (r,(0) - A, clip (r,(0),1 —¢,1 +¢€) - A,)] (2.21)
o
 r0) = ZUCES ST B0 MR S INFEMALRES 5 FIFERDIE @
S

o A, RAEWITEE ¢ IS BB

o e e B LR
AR (2.18)F1X(2.21), FIH Adam HEALSEVATE ] PAXT PPO ) Actor #7241
W

PPO f#J Critic 2% 5 3 55— ki Actor-Critic ZyEAH[H]
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FIBAETC NSRS T, Vs r B 2 = S 2E A , ARETIAML
e Y BER B LSRR BB PE A e 1n, Ui B LS ML RE UK B i ALIE AT
B AR E A T AL AL K- F AL RE D Z WA PERC . & 5E T 1T APLELE
RIS R, BT I I T ANUE P B BRRAE DA B s AL R s AE BBt
SIS 24 BRI LA R RE R 2P e bz —, B B LS 1tk RE 9K 5l
MBUEALRA, H Hag A BRI A R S TE; o, BOTSERmEiE T
ABEF I ANUF AR AR . AT I AR 5 2= 1 Jo AP
BT P e 2 LA

3.1 &5

PLEFTERE 2 M AN IR FHLER AR IR E R . NI HL g py (5 (R
PP RIS AR E . A H USSR, AT B Lo
. S HSFHBT . WUER I R GBI L . NS ik 155 IR 5 R R
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MNEEREARZE, IRASEHEEK T 2 8w, B

9
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o Puak)—ek)>0

ag =40, Pyk)=e(k) (3.9)
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B, LA ICHS G AT REME R o X L RPAS HUB R T G — A0 28, T B

32



953 F HLARERRUK SN AL (R
dy L dypas /I BRI AT Z N, 0, A Q UE:

Q :={d)ld; <d,pss,| €Y} (3.18)

T AL B TP 44 PRAS
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et al. POV B ATV 0t IR, IS MPTM AL % 08 THLER I s 2k
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RPE(4.21)-30(4.24), ATPAEH o(e) IR L ANIE4.60T/R . X /&2 OBl
EYIHR, B8 92 =, R o(e) BRERBRIT

(4.24)

€=€
e 4.25
o) = e 1 L@ (4.25)
€0
1.0F
o
0.5
0.0r
fBEKF
Kl 4.6 5T ALk
2, BEERANEEIEY AR R ATk
a, if 8(ay)=1o0ra,=0 (4.26)
ap = p(ay,a,) = )
o(e)-a, +(1—o(e)-a, if 8(a,)=~-1 (4.26b)

433 EHiERiE
Mg E4.4, PAK4.3.1-4.3.2, 0] DAS B LSl 37 5 A SL s il sy, Bk
AR AR R4 TR

4.4 FiEWIE
441 THEAH
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4T ET AU TR LT R

Wik 41 RPLE SRR L A
input : STHIGE: TS, BRSARMGE, IHSEHE |
FTINSH: wmREE v, FKINEE a,,
BB HC: MPC B MR R B N, SRAEEIR] 47, MPTM 22,

C; €o

1 while T AMNUK 54 % 7 4 & do

2 KT E p FIESE v,

3 HR4 MPC B3k 45 MALER LR a,, B2 H RS ALK a);
4 A (4.17) 757 6(ay);

5 if 6(a,) = —1 then

6 AR 4.16) T 4.15) WWE AN Y HIPERE Py . T AN LIERE P
7 FI PS. PY, A (3.8) THE A FHLASIO R KT ¢
8 Wi e fI2 (4.25), HEIBBRDECEREL o(e);

9 FIH o(e) F15L (4.26b) 158 o AL A 1482 ap;

10 end

11 else

12 | HRAEC (4.26a) 158 T DI A S HITE S ap:

13 end

14 Pl 4a % ap BAZ To AL,

15 LR At
16 end

ﬁﬁ\q:é? HF AirSim {)f B8 A airsimneurips JE AT IR IF KB AMLRTHT
V5 o B R IRSS TR RH A)HT 2030- “Hr—R N LR HRIH , &
B W B A I P %P & A O T T R GEVEI, I HL T I
WERT . P EAE S R AR AN E4.8(a) Fis, A& T IRANL. [TTHE. PBRSLiRIR
i, WEEMASE. AirSim @i AT 2017 90 I IEES a0 By, 1Rt
Zhp APLEE T, ]SSR . M 400, BRS8N IE AP
TANERYHEAWSETE . AirSim B TY#5%, ZEET ., @, SR
WIEEMEHE, 7 EACR S LSO BT, WE4. 77K . airsimneurips tH,
S WA T RN T To AWLFEE R python BREE, $RHE T 20 o AR B 45
fildE O, AR R PR R

5 FX (m)

’ 30 0 50
15 . =
=T \ : 0 \
m \ /2 : y
15 H X(m = 15 G
’ SIONEY 00 T Cs) 0
(a) HF 447 (b) ST 447

P47 AirSim f 45 EBL REPH L
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TEHORAS AT PS il PS R0, 0 B 5T KF, HETTE5) MPTM (9%
B SRTFIAIS , A0SR vk T AW IR S , [ 0 PR B ) T AL
EIHs 4. IR keyboard JiE SEBLK A A HITIAE, HIEI4.8() FR. NFHRIER
I R R IR SR SR AR R S R T R R 4
BT, AR BRI R RS, N AR, B i
K, PRI A RO, XV A A K A AR 0.8 (KL, Bk
7 2 e, LR

WHETE W ABLEET &
48 WS BICFRRR LA

442 LWIgE

FEE . LEMSHPENSEORZ , ATIERES 1, aniEl4.98
N P P RPIE R BPILE S A AR o RO LA TR BRI A Ay
WIEE, AR .

j: % ......... %i / j: \“ ‘‘‘‘‘‘ Hi .....

- A - MR B

AT, 10 zox (m)w 40 50 0 153 o zox(m)ao 0 0 50
(a) R BABLIE (b) FHXESIE

Pl 4.9 SppLsEdirh T IS B
TSR EAR 05 LR BN BB AR 2078
N TAEAAUHMERRCR M, o MR8 76268 7 A T1215 8 4
MZ I BE R T, B Te AHAEBCAE AT IS 00T S A fm A A i 11 2L
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4T ET AU TR LT R
® 41 AR EFEBEH G SEMRRE

2 il i 2 AR Bk
A Hi 6AT W

a5 kAT S

) Zc %47 A 08 !
A AT D -

WERAF i (Key up)
BRRAF R Tl (Key down)

®42 BHREXRSHRE

SIS
UAV R )E v,, = 3mls
UAV 5 KN i a, = 2mls*
UAV H6 (1. p=(0,0,0)
UAV 537 2 HE ] AP
UAV /N 0.3m
I JHE AR 5 wg = 1m
I THER) & 10 4~
Fou I e 4 A BE 10
2 i e B 10
P =dinli| At = 0.05s
¢ 1
e [P A [0, 100]
€ 50

o
NEBRAE R FSERRESFNE R FHEAK e WIBMETEHELZ [0, 100], f51E
KPR, LA AR S BCRBOEKR, 7E € = 9 = 50 I, 6(ep) = 0.5

443 LHHEBESIT

AATPALE MPC STy N B (baseline) J535, X HCEEHETT PAAN i 3t
SR B AR R BOR A B 5 TR AT R o[]Sk g ok S A B
PRI P RA A R BLRAS T RIAMERE A S 1

1. BRI

JIT4R D YR AN T 53R 7 A T R R DR ML B R AT S0 Ik, BRIRCE
FTHE, T TR AL R ) X BEATL MR AR Sl o BT 04 2 a5 R M v I ]
o (WS RFRHE) WR43PR, A KT Y0 s ATl A R AT
FEIF 2> AIANP4.10, 4 TTRIEA 120k, nILAER Y, FEA SNSRI B4
&, TR EPLES R A E, PR ke BRI R T R B
SET IR BB AR T TR A FEA MR T, B s ik e e
R T NUPRFFLE N THEVERIZ Y

L, ATUAF H, Frde 7 i NS0 H @ B E AT TR TR T e
B RATHE R 2, S8 T RATHO SR IERE, RERSA R AL BERTHE, IR
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=5 iE
s
0 T
-5
-10
-15

0 10 20 y(m) 30 40 50 60
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2. HEhSEL

NRERE RGN . 2 BT R R — MR AE TE AL AT R 411
g B RERAE, T3 — B2 o AP RATRCR B ZE M i th LR R R4 I
AU, A SRR ISR AN TG 26 R A AR T A a7 L R R E B 4% 6 50 1K,
R AT IR ALE AN 1)/ MEAR Bl BRI RATHIE (AR R 15]) i Ep Rl A
o AN E4.13, 4140, Tl TR AT a4 450 .

HRAE 413, A R MBI HEE, " RATHERIH A 2 B AR E IR T 10
AR AL . FERA RGBT BB, AR TC APL TR BT, TR
FRATECASE M, BT A EMRE RO AL, ARMERT AU A L 2 k4
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®43 FREESEERZENRIHENL
TGO Pl AT OL T e

Sk BRI () T IRt ()
FMERE: (R RHLE) 0.1 1.5
Jrit A (R sRHE ) 0 0.06
FEE: (WXERE) 0.2 2
PRtk (RXERLE) 0 0.1

R44 BUREHRREMNERM: RIIHEXL
TERTEOL P okeds AT GTOL bR

SRR PRI () TISCRIEE (4)
TCIE A (f7 BRI ) 0.2 1.8
ORI (a7 BAIE ) 0 0.08
TCIRAGI (A MERLIE ) 0.3 2.6
TSGR (PRI eI ) 0 0.1

i RIAEAL; IR AL CATRHCREZERT, BB ARPAF AR, NRRHT R
THESTC AN BE— S HEE, TN ESZ (E41400R) , s THEE
] (AnER44FR ), CATRICR I ZE .

AIPAE H, ANFHAE e A ] DA S NS i s 5 | A B S AT, B
TE AR ) R RE T, PRI 2R A A 2 A R0 A A5 | A 6

WL ToEAESh SR TR SE0E . P AZE
WERCE, AELH 11,

FREA NI TSN, B TE AL ATRRCR R . El4.152 [/ H
HIE TR RATHE, "IAE N, A BEShASHBIRD B, APl i
AN, KZEW] PATE R AH P AEAL AR oo sk Bl B AT R0, A RATHE 5 S % 6k
B WA EESN SR ECES, AZEMIE SPLAH G LA, i A28
TR 7 M5 AT R BIE” WS, NERREE 2Tl WL SE
W, TREALRTHREET (MBS AFE L, BHLFR—KTH) , [Fn
AT ILRE . B, AR O R RS B 4 T N A4

AN T T, ARBPR TR E4. 16/, A AEHA(E
fEBE, FRRT KR TR, AR TR R, HEENSBER S ECR
T XTI FER LRI, ARG T RIWAE, M NRER SR T
IR S Z BB I T EE AR Fo s, ANAEEAY K, NEi
VE R TR AT th T 2 B R R R TC AL, AR TAEREGEE3E .

BT VA B, I AMEEShA /3 BOA R AT DAL 98 N2 T F 0 45oR 1
WG, $RTT T AEEAE AR, AR T AR T &
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ARSI ESHLIR - Bl e, DE AL KL A i SR o AR 325 1 BT DR e ot e
FNLTEY 5, TESE6 BT 2 4 SEm, WERH T R TR AT AR 2R T
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I 5O PR SRR DA R SRS I i 2 i, B — AT AUE R 2L
SO . LTSS LSS A TN R Z AHE T, 2P0l P EE s
PERpIi, B TEAML, X ERZHTEE — A, X, MR
R EoG, FFEUTE BTN TR R R AR K, MEAMLEER
AN ZHTSE P MPTM, B M 455 [ SUOTRENEE R LG 2, I
LSTM [ £ A3 35 AL A T X0, 384 x-SR i B fe e AE A
FEREE I 1 B R A R

51 35|F

EZHFEHEXS PR T, XFFIo N AT R 8t i = i 8h AT A T
T3 TE AU SE B PR SEAT > T RIME o X PRIV = ZA IR TR S5
Tl o BIANAE 24 B B 288 B RO To AL AL, TERESR— BRI LAkt 35 2 J5 15
B PSR, SR RO Jo AWML 7 B R 0, 4RI 20 P SR A 350 KT 9t
.

ZHEBGI AR T, AT AR TR I 52 ORI, 1 H AR o
W E R PR AR LGP . HIEA B RO RS, Ho
WA TERNAT R, AR, BCEHEP%. BT ARREA®mBWHEIA AR
J1, RFAEME, XA AR A ROAM T HR A ER B
iR A LA MR D L ouh & SR S LT TS N B g
RE, X THEFREHTCEMBIMESR TP, HmLSREE RS YR, ARk
ok

ZAGEHE Y, TN FE RSP, AR B HA R 7Sy
P IRE h 2 PR . AR Rk, WAGE i To NHUIE R B A% i R ¢
IRBASE, MM TC AR LR EHE S 1 7425 1) v Co B2 WSO Hh L A e 0 D 1) o e A6
SRR (H R R O XTSRRI LS R, A
B RVEFE A S IR Rl (5 R T KR . (B2, FESHLTEd b, Jo AMLIK Al
PLEBEETAS , BI85 FE 38 T 7 AR 118 N S5 1 SR s AR AL 2545 T SR s e
I AT N 22 R P RE S BN SR E3R 0. A, &0 TE AHLFT RE
RECERTHETF B, BEEVIM T AN, SS9 A THE TOEAAE
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—, BRI AMRISHEAT N, FIA LSTM I 45247 00, 5 T A4 45
RAERN S IATRACHIE, I T TSR p B . 26—, TP AJE AL
MRS, ZHCdd, B FaREST s, Ui mLEs i 5L Bk ik
H, G A AR ALK EtBR PSS FHLE 0 5 A T AR
RS PR, T BIPLAR R 2 ST N T, A HLARHE LAV
EZRESHM I, MR Fr 4 (ZHLEH N MPTM), 4EAPUEE
RAEN SR, RS SALE IR R . SR =, R A SR I
PLAS R OHESE , (EAFLAR RE B2 I AR . S E R T, X
VPR ADLE TR e BUR, oFF MO ISR E S RO A, AT 25
P S N LA mm e Pk S50, BrA AL o e 22 M 2% e TR, AR
Sroe e, ToRT SEI SR I, A SN e SR A
AREEWEHGUR S22 T 2T S de, ga ks 5.3y
T ET UGS ES SR HERAE D FE SAT S I T A LR 45 1A
o, BARA T SCEF G MIECE. IIZREAR. RS . BORILES &GS 5T
T AT N AR R

52 ZHREFSHIESEE
521 iHSik

e R PR TR RANLZ AN, HASE s S AL s oA Rl . TN
PLu LAt GPS R4 B S RIAE . TTRIGIE.. DASS IR EF R, H
RS NGIR AN ST ey E ol

TENPUBAESS 2+ MBI IR R &, RERTBERIAE S DRI, #2 BR ] B FAAK
K, BASXF IR, RAFRL AL, X RHER S, X HEE
Xy BTy AL S E- SR F I EBRE, 27 BAPLERE, X5
APLRZE ’AT . ZHE A, IR O TR B A0, AA T IR
— i, ©J5 o AL B TSRk EO T AL 5—Jr T, 2O T APLATRA
) il B BB A SR A PELAE L B T AL, O X P e AR SR s A 5. TG
MPLSEBGEEAE S5 IR RIS Y (SeZ RIS IE ) FI-F IRy I 23 S S LB
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(a) L7 RME: LRI 5 R AT A A 1]

B W7 R

QI??/% ]
(©)FF: MNHFHERIHERZFT]  (d)FF: AEHETHE B 1L BT E R K

P 5.1 ZHUSEHINERIANE RIS
522 BUFIEIE

1. &RSI AT /R AT R IR E

5 AL > AR 45 0 B8 Eh R AT R 1gE (Markov Game) SKdftiid. ST J7 f#
ik, MRS -, Fon#Or, TR - Fne i FHIBEITCANLA ] HEN
KE A RER, Hit, FF2Plsod @il —A- il al Wty /R ] K gE ool
(S, A0, T, R, 7). S FnFhRFE o ANUTE N EIRFRGHPIRS 2] 5 A R TC
ANHLAT VORI B 1E25 18], A% 27 shfE2sla] A, M7 sifEZS1E] A, , W2
MILEAFEEE a = [a,, a,] = [0}, v, VF, v, 05, 03], HH lla ]l < v, lla,|l <
Ups O ZRIC AP ZS 8], 45 207 T s ] O, MO Al 2sTE] O, , Al
AP MIETCANAIAE . SRR TRAE . FITTEA
PLEE L5 2415 1T e A . SO TE AN BINALE, T FmIRESHBIR; R
FORKINREL, FERAFBITWE R Z —, TSI IXTEAMUH]; v Fon R
PSR

2. YIZREREIZIT

S AL~ 5 B BEIR AT A A, B R B R USRS . T AR 2 4z A
2, TTAHUA T BB PSP e A B, IR 2t — A2 o AHLE 3
NRERE & RE A H

UIGRIREE N 2 R AT RER AT BUSEERS, DR GR35 v B 24 4 Te A bl
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B 5w BT WU RN ZHITEE SN
SR AR TER A R AE B XTI ANLE A, K5X4.6) BRI

xk = xk1 +U]; - At

Y=y ok o (5.1)

zF = 7+ +U’§-At

Horr, x,p,z Ml vy, vy, v, 50 BIFRS TEANUAE T F AL R R RO ALE R RE . 1Lt
% TR RN b AT TC AN UAEAE N BERR ], BT B - BIL i -

5.2)

N x e % =

k k *
X X v
k _ k—1 *
vy—fl-vy +(1-¢&)-v
k k *
V4 zZ %

k

Hof, o FRE K IZIEIER RS, & FRTW R, HIEE AN
FAFE, z D51 BRI RS Xy IR

BEAh, TR BRI d g, PIZRICAMUAHENT dopgen B, A TE
MNP B ALl A B B

53 BFANEENSNELSIF LT
R FEMEZR NS 2878 (] Actor-Critic /558 fkar ] B SIAHEZL

M Actor[i 4 R K 311
XL
S AEHBNEE
S +
S
W EREY L)
e S ( = 75 7
e RGN
S

Pl5.2  ZHLsadinmfbsys ) Rk

BB Actor [ 2518 1L — 5 YR PRI 4t JC AMLHFE IR <, TEADLIRIGHE

L ZJEIT RS WA . FREDIRES R AR, 5 IRIFRRE 7l i A UL AL A

LR A . AELIAS R, — T T MR BRI FAE A D R,

7y THI A Ao OB AR R R A A LR A A I e, 0 1 i AR 4l

JEIPIRAS:, WEIDIR i A 2 B BEIAHY Actor Al Critic (%%, fEIR G AE
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F5E  HT AYUEER ST R
— D7 TARAFHEA AT 2R, o5 — 5 il R S AT R A R S 5 2R, — 3 b
ZRWEN B REHRAE AT — KB EZ S i B 2R, 2Rl i A2 Critic P45
Critic [ ZHRIIMARE M, HBr—IKMASSH, 25155 Actor [ 45 BT
—RSH. ERABREAWEE, BERE AR A BRI 2l
J5, NZR B (2 R RRBAETC AL, SEIIC AL LT AT

53.1 EFANGENRBEE
1. AN EREZRLL
RS A E R AFOREE, WG DH TR R fp
MEVASR R 61K, ARUE3.2. 3000, AT DA I 4o 22 o 45 SR A 7 2 B 538 i) MPTML,
Xof LG B A A 22 M 25 K5 (3.8) B I T 2 -
e(k) = f(e(k = 1), P(k); a, B, 7))
= fletk = 1), fp(UK); . B.y)) (5.3)

ATPAE H, 2(5.3) 55 5 RNN [ 45 (13029 i Ada th X M, ALk
M RA I KRB RNN WAL LML, 008

€= Ftrust(U; WF) (54)

HA, Fug FRM2M%E, Wi @ ZMAERHSEL
{EAEMRE MR LA NS 37, ARAS U f A% RNN v 20 400k
BEZ)E, BEEEKF.

e

—>  EEEM%
T .
7 RNN i
N 9% H

L

oy O

Pl 5.3 fSIERhZE ISR 451

X HZMGEREA U, BYefEn] AN ARS8, o AYUESEHE
ARET, AR ISR I ERAT o, TR BN 14 57 AT T DA i e
PR BAh, AR THERS, SORXUT 6 e ST TR MO, LTI AL
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5T AT AUSER ZYLTE R

B IS . 5 BT, PR u A/F A RNN W24 b i B s 2 i
A

u= [pespoa ve’ DO’pg’ G] (5'5)

BEAk, NIERIE K F- 55 225 TEMLER 00 1y S R RE A M B e RE , DSt 2 4>
IR u A4 U
Uk = [uk_l,uk] (56)

PREXT TSR M 2% F g e Anl b, FFE ARt Bk 18
DiEFG B, AEROSIO7 TEATEE ST, R Z RS S, A
XFT AL G K, SEmi a5 A M g a4 . TR iR, SFFEEE
JURL:

o ZHTEESAEN -6 LT, ARAEGHRE T, e I

MR, RS R Eﬁ“?ﬂ%%ﬁﬂﬁm XA A TR R e

AR -

o BTN RAT SR, AN f 45 A ) (5 AR 75 2 — 2 W]
PR WM 5 S O e P A I P S L HAS ISR (] P g B — S I [ 25
IR, FERF AN AR R REL (AT

© N T 7 IEBAEA G S EUFE M R 2, R EL . BE,
BWEAFMTIE, IEERESHA A ZE. T EEMAgEE e 4
KBTI ATEDE, RIS AT R o SRS IR e
ZERYIEOL (RIBARAFAT), FERXFEILT , (FAEMASERE TXT RS
BENRIIEE, FEWEICERIERIAR B SRR IERE

o AR AP ESEETNT, RS AT, N T B A
ALY, B S RISk AT HES -

PO R BRI T R ZE A s B, T AN REME e R HER PRI, 5
SR M 25 G, XIS I AR A R A ek BT

N

1
2yl = Fus (U W) | + W 3 (5.7)
j=1

Horr, e FoRMRE AT ESEE-

2. RIS
R TR Z TS AL 55 H b2 e, (22 ﬁ%@ﬁﬁﬂ%zﬁﬁ
AR R SR EAFRRIED T3 g (a2 — Bl 45 R REJIE SR 2

5§Hm,@ﬁ%%%ﬁ%ﬁ%ﬁﬁﬁ%%%lﬁ%,Eﬁ?%%%A%Aﬁﬁ
DR P IR FRE LR . O T REGRX AP DL 2R IR BB TR B & i
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85w BT AHUSIERN PSS
fsems, 5T R 4L (Reward Shaping Function) K538 fiEfk. &
T SRl B T 53 g T 2 SR il P M il 2 il 2 1 A 0 7 o
Mg : gl S arAL, PLas RS ity A FHldsr ek
B, D E R E A A W 28 1 Ry 2R BE 1 R AR R e -

RE e = Frruss(US; W) (5.8)

game

JERIR A FHER 2T R AR, AN BT ) — 25K
(BIAARTGTT, RATRERAY RIS A 45 ), DRI, WIDARESS 4 Erp AL s H
PRANLI R AL Ny 5kl > Rl AT Y Rl 28 5

% [E(4.14a), HAR A2 T AVUY 4 i E S HHIE ©ET, TR Rek
EPUE T, BCETHR R,

Riui = (D) = 1@ (5.9)

Ry MG, VLIRS kAR, LB BB T

%184 140), HFRA 2 T AU M ARIES HHIER—EEHE N, Bk
TN BT ] 2810, S EGEMRIBEAR R, i) g am fil 2R e
J1, B, REAREYCH TIPS, RIE R R,

RE = —ReLU(||l(1,,(P")) — P*II, — wg) (5.10)

wg

Hi, ReLU(-) FmgiMiitiit (Rectified Linear Unit).

28X AR (4. 14b) RN 3 32 2 5 (4. 14e) B 2 A IR 35 sk 2 BR824 v T ol
245414 I DA AE RN 4 5 — R B S DA S, R TE
TRMPERTREL. 5 1, PSR Ry,

Rise = Riai + Rl (5.11)

base traj
w2, 15350 ) B BE AR I e A i R (A 1) 242 il 28 325 e 50N

RK = ¢ - ngcame + ;- Ry (5.12)

base

Horr oy H ¢y KR/NFARS T MRS il i) B AR JEE

5.3.2 EF LSTM FhiE= N H 89X F Pk s

T e OB I 1 R A . SEE 10 ANTESE a2 KAk 7 s A
ok
0" =1{q"° ¢"*. .4 ¢"} (5.13)
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Forft, gt = [pk, oK) FRAE k RIS T IOE S B, BRI pk ik
i vk L BB AL S5 AR QF iy 7 e (3, T F oA i 25K B L
ik QF:

QF = (g, ¢+ (5.14)

Hoepr, @it = [P, 0K F50R k I ZI 2 R0 | AR B B LE S E A .

g S R (B TN A, PR ST AR Ay 32 T g Bl o 24 B
TC. HTHAJF IR P RS K, Si2e-f#igss (Encoder-Decoder) %4
W] DA ROAL PR 8. EAh, 4 LSTM S8 SWLAIARSS &, 5 B T4 B ]
JFB (AR SERFAE . SR L A SR A P S A 7%, BB T 190 25 30 Ay
Tr-Pred: JJj 7503 A S| LSTM Sfis g5, A AHORTS A, Bk 741
HEAFIERE R, A AR G e R SRR, % i A B LSTM fi#
AR, St AR, B BB,

Attenti

TN Encoder = - Fully
Q LSTM h, Connected

1 Layer

h, 2 w)
(1 LST™ = 5 g it
B
[ —— LST™ i
\ ) & 4

Pl 5.4 BBl mgs &k

X LSTM #fidasfiith , fR4EH AJF5] OF 1145 S| ek S & A, :

Hrb, i €[k =9,k W, FniiE LSTM 4ifas i) M 45240
XFF Attention FEHR, e Fll AR B o7 ST B Z TR AR L 56 5%

g (hénc’ hlgnc) = tanh (hénc I'I,ath]ecnc> (516)
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