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Local planner for flapping wing micro aerial vehicle based on deep
reinforcement learning

WANG Si-peng, DU Chang-ping', ZHENG Yao
(School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China)

Abstract: For the poor maneuverability of flapping wing micro aerial vehicles (FWMAVs), a deep reinforcement
learning (DRL) based local path planning method (IL-PPO?2) is proposed with the assistant of demonstration learning in
an unknown environment. Firstly, due to the limited visual angle of a stereo camera on a FWMAYV, a “Heart” algorithm
is proposed to reduce the requirement for control accuracy and meanwhile improve robustness. Then, according to the
characteristics of the Heart algorithm, a U trap avoidance framework is developed. Finally, with the help of demonstration
learning, a DRL based local path planning method is put forward, which is realized with the combination of the Heart
algorithm and local planner. According to the simulation results, compared to the TD3fD DRL method, the path planning
efficiency and success rate of the IL-PPO2 is higher than the TD3fD with shorter training time. Besides, compared to the
dynamic window approach (DWA), the success rate of the IL-PPO2 is improved, and the path smoothness is promoted
considering the integration of the Heart algorithm.

Keywords: flapping wing micro aerial vehicle (FWMAYV); obstacle avoidance; U trap; expert system; reinforcement
learning; trajectory smooth
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FBE BB RAT 285 S A8 Reate NET RAT 28
lf 48 177 15 58 11 22 42 AR B Riotal A0 T XA 41
TR BR A A1 s NN KAT AR B E; Rinargin N EE
12 5 TP (turn point) A 1] 5 ¢ A3 ) [5] [5] 0.
IWSIACRF PR e ¥ ol WA S N EE P
A B P47 AL, G EEAE XU H ML A £ FOV
XH FHALA AR EE B Doy Y0 FI A, 857538 O
TS WU X 35K 0o T DX 338 1) 0 L o Gn PR 1 P s, AR
RS2, 618 52 A 100 35 1 v, 5 A0 A T R o) AR
FR, o] DUBf 8 AT 2 157 5 42 Rywpn. Drp N TP
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W R S5 B 1) 2% A 27 G ae . o T X3 A 0 (5]
RH TSRS PR 22 PRE, £ 2R i
RUTHRER S22 EILFERE. A
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Do TR DX 35 PR 5 BBl ] DA o A
Hiength = Drp + Riotal, ()
Hyian = 2(Riotal + Riurn)- (3)
OB X3 A B LA AE A E AL A AR S B A,
N [ B 3585 A2
Hiength < Dmax- 4

Lo DX R JEE AT T BR A 2 Ak, o0 T X3S
F1 2 A LR 1 FEABLI A LB . D R
fe B3] [ a5 A AL AR AR 2R D 2 TR B S, A

DC: \/ R%urn—i_D?TP : (5)

DRI O TR DX 33D 1 B AT AR SE 9
LH = 2<arctan<%um> + arcsin(RtOtalD, (6)

TP D,
[F] B 57 35 A2

ZH < ZFOV. 7

NI AT BT FE 2 ~ dm /s, e ] 3l
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T (14 B B s U0 X 3. AEARML 2 8 2 R A O, 1f
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Y

o focal 4 HH ML AE FE; base XU H AH AL 1 3L 28 K
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S T 27 IS 1) RS A0 A o TR DX 9 000 [ B e
eIt/ NG NGNS S R 7 =50 i R 125
[i].
1.3 (LEEEEERRE

HEAT SV SEIL I, g T v () B R, X T
SCHTIR 7 VAT a0 R . B Ok, A AT SR AR IR
A, BEORAE O XS A 3 Bt 4. i T 5k
IO TR DX 35l P A2 5 A o 1 420, T A 2 ke 0 o v 44 1)
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AT AR KA TP AU I R TR A T e R RS A K AR A
i HIR, B TP AL E Drp S ML AT R
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AT BT, ) RAT 25 45 RS U0 0 e s 0, N )

2(a) AT 7 B9 TP k1, B 2(b) ~ (d) ' TP 13RI AT 4%
E& H)IA & 2(a) I TP kUG, TP XS T RAT &1
A ) 4n B 2(c) BT, 4 i 5 Lo T2 X33 A A5 SR A 0 21
BEAGH, 413 RAT R 12 1 2(d) P 07 AT e
B, D3R AT AR AR 0 R X3P AR A I B S 4 1)
— 0, VY 4 E R B (Gl R ) BEAT R 1), B
2 2 i 7 B A7 0 B XA AS: DN 2 B 470, 45 A
U TR PR SRR, e 25 R S S . e, T Rl 2k R )
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Lo/
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(c) FFUbtEt [ it (d) 17 s 5
B2 (OREEREERE
14 LREEESH
T BVE BE NS DR AIE R 3 1) JRERRE R D) %2, 32 22 1
T HBEEA RO RAE T CAT 28 S RRAS ) 18] 1) /N iR

2. TR O TR X SRR T AR 2 Boan 47, Bt 4 i for B A
MR L, TRAT A% RS T B /N R R O AR
1B Rmargin- P, 72 2 2 BREE B GERHE LT, €
1T SR REWS PRAEAS 5 BSR4

HiE1 OIREE

N pel Mo, target H AR E ;

it o) (AT AR

1. S <« getsituation (pcl)

2. for t € [1,T] do

3. pcl <« getpel( )

4. pos <+ getpos( )

5 switch S do

6. case obstacle free

7 ¥+ localplanner(pos, target)
8 L < leftfindobs(pcl)

9. R + rightfindobs(pcl)

10. if L or R then

11. TP « getturnpoint( )
12. S <+ to TP

13. end if

14. end case

15. case to TP

16. =0

17. if dist(pos, TP) < dipres then
18. S < turn

19. end if

20. end case

21. case turn

22. W = et

23. L + leftfindobs(pcl)

24. R < rightfindobs(pcl)
25. if not L and not R then
26. S < obstacle free

27. end if

28. end case

29. end switch

30. end for

AT A5 FRRSG ) TR A /N B AR D A
3 i, B O JE BR300 JE DX ISR 0 PR 2
R T BE ARG, 2K TP ARG, $2 J8ESC iR HERg,
QAT AR 8 R B 17 5 1 BERS H AR ARG ) — M
1) DA R A 005 1] D9 51, 24 RAT 45 Bt 22 18 3 s Az
B, QAT AR PR R A (1 B B 5ROE N Rinargin. MK
3 DA, AR DL, AT AR PR B RS A ) e
PR T Riargin. ‘LIEFEME AT SR AR 3 Y
gt XA ATHE AL B 2 e R
D38k, AT PRAIE R AT 23 1) 22 2 P
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PRI BE R 1A B, A B DAL, & WA U
RAREAG . AT 2% a0 o] kil U 24 Bt (1) 2 A OB 43 i)
FE AT FATE CL 22 b T U Y RRehS o, BB e 4% 21 2
B B& S BT U BB AS. 26T AT vt 50 J7 ke i B
R, ARTHG VLT — PR 6 U B e i (1) 3 e S

kR E 4 R, B4 T, /AT AR R E
B i RAT, B BRI YE Bl dn & (5 fUm 2R BT . T U
B i 15 5 A N R RS BRI S L, TR AT SR AT
B A Bl AT iE N U BLBEAG . 4 Bk AR I 3 s A
Wt BT B TGV N TE RS A B TR, 1 B BATS
IATERCOAEIEN T U BN, K308 FIE RS,
W 4(b) PR, RAT SR K LE A PRI 21 B 5 7 1) —
AT B AR HL A AT T 1O T X8 3 2R 2]
BG4, T U B RhS AR R, 72 O TR X 382 5
BRI O T, Jo AN 205 2 i 33 U 2
B RO BE ) AR KAT . 2 passe T 4M 3 KAT A% 1
A7 77 R RAT 38 AT A2 B 5 H bR SO S T8 1) 1 2
22, B Fi A7) A 5 30 SR i m) A TAD R R 225 oenres
TEE F ) W7 R AE, 78 52560 B hpnres = 37/4. U, 5
[Vaite] > Venress WA T AN AN U B [ 05,
JE B0 T B R e e 53K

HiL2 U B RhGkEfE Ek.

i\ target H RO E;

B o FRHE.

1. for t € [1,7T] do

2. pos « getpos( )
3 Yaige <— getyawdiff(pos, Starget )
4. if Yairr < Pynres then
5 1) + heart( )(algorithml)
6. else
7 VT « getvirtualtarget(pos)
8 v « localplanner(pos, VT)
9 end if
10. end for

target
®
()
/\ﬁi\
T
(a) #EAU RS
virtual @
target
target
"l 0D
o %
) LAY
/;«i (0
N T =\ / ./
\ \—// ~
~_—

(b) R BB 3B

virtual Py

\
target%\ f\/ \>
S —
b b
target — g/

et~ -0
- (/’./>
D‘aér;"’(f«\
~ «_/

(c) BSIFU ARG
&4 UBIESEfESRE

52 B 7E R B IR — b HEE 1 5 A, AR SR AL
(1) Sl 51 3 o AMLPOE B9 71 U BB A, — Fh bR &
IR SRR — BV B R R — AT 3k, B
27 HRRE, AR 2RSS & 4(b) Firos, A
Bl U B e i 30 e S50 5, SRR S A B0 I %0 6 AL
A B FEAT U RIS B — ] 0 £ B2 Ab 15058 — A K A0
51 3 H AR, 515370 AVLHTAE O B RS N BE A . k2
o0 B br A B B o A HLAL B AR AL T AS B 32 4k,
FEAERT T I AL A FE O 96 8 AR, AL LB IO =
/4. BB R, H AR IS, REAUL H bR R AR J sk H
B, FE ANHUKE 1) R 48, H A5 05 [ ATk, LI 4(b) 98,
N HUAE NS e U R R o B DT R 40 H A i L T
FNERAT AR AT T 0 BEAL. RS AT R SR
51T AN RE SN H A5 5 [F ATk, £ K240, H AR 5]
T, AN A A 7 U Y AT A BE O
SRORAE O T DX 30 MRS WU LS B e 20, 1) A iR AT
i) 2R, 28 A O 98 A e L B R 4. R G AE R 0
IR FE S DI EERZZ BRI, T AN AN B
223\ A MEEES B AE 4(c) s, 24 [aite] < Wihres
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B, R TS AN A BT U B 6, U 2 i ik e 5
REE L L H B AR HL e B RS EE, B
BUGkSE ) HLSE H b 5 AT
2 ET IR BRI EE
AT R M TR A ) B AR LRI B
(imitate learning PPO2, IL-PPO2). IL-PPO2 J7 %6 L
FTHE H R B R B AR LR B E A S R
T O TR RE B AT 1 B BUIR A 10) L [R] I, AE 2L 5
VEZ 1) 5 SR A 75 8] 1) 1) @ 557 R AR G s Ak 2
SITNERR A BRSO AIG. DRL, A B —Fh
BRI 2 2] 7, IR B Sk
21 OEEZRFERCERE
o TP 30E 52 BV T I 5 3 RAT SR 0 RAT AR,
e 2 oy 8 Pt 505 1) B8 M 1, {BL IR I A AE ok . e B
2(c) FIE 2(d) FTLAE i, RATER E R EL KT R TP

) I FEANIE B2, AEE M O B 02 / Roen FIHRAR, T 5L
AT AR I BRATER R R 2. A B O R R L S
Jr) S A R SRR A 4, WU T B A AR £ T
FEPEBRAR. DRI, A et — P T oAk 27 =) (1 JR) 0
PRI RN EE, 50 FIE M 45 G, i sk 5 >0
PR SN R 45 5 BEAT AR, DAIR s B AR~ 1 5 Pl 4
PE.
22 #EBIGFIBERT

SR ST IRPRAS 2 1) 5 B 2 ] K, JU T
R 8 8 A R i) R,y SR AR S AR A B 85 rp 4
R, MR B 0 1) 22 280 T S+ 23 IR TR &
FN B B BEAT B T Zx, FT DA 35 97 X —
VR HE, 1275 12508 N BT 2 2 UL FERLATT 27 ST | B
58, 345 n 1 FOR BN AR FEAT IR, AN
SR ST )6 HER R JE L AR SRS B g o) T
P S g, {H A, Bl 7 SI A W W B L &
K ARG R A WL (R, R AE Tl Zkad 72
Hh AR I i 2245 B ) 2 0 T JR) 0 3 A SR 1
v, 27 A R A N, SR 6 TR A T T AE B R
KT B, FEIS Fp 22 73 B S o 3 B0k 22 B, X B
SHENRAR I 25 HENg.

N T R B 2 S AE TR 2R B B A D il
T Il 8, A ST 3l G R A R 500 AR 2 o) 5 IR B A
LB, TR 24N B B O 1A B B AR R i )
YRR SN Ay

{ expert(s;), rand < g;
a; =

mo(s¢), rand > €.

C))

HH: e = max(0, 6Cﬁcay),6decay € (0,1) NEREA T
rand € random(0, 1), N AR EL. TR0, &
F RGN T2 HNE. B A In, S0 W) 45 32 8 15
I PAUE 2 5 4 £ S Eh Rk 5. A SCiE £ pPO2!
VE 9 s Al 5 2] LA 1) 2 > S mE. PPO2 {8 A Actor-
Critic % £ 45 1), % tH 32 25 16 2 1 = 18], 9 B g i
A o 54 ) o I A 1D S TR 7 e, AT o A 2
ISk, A S & K R G AT R B0 21, RO IL-
PPO2 (imitate learning PPO2) £.7%. PPO2 1] 7 & 5
A ANF FrR:

JO(0) ~
Z mln( p@(at | St) Aek (St, (It),

(st.a1) Por (at|5t)
. p@(at‘«st) k
chp(pek (@ls)) 1—¢e,1+ 5)A9 (8¢, at)>. (10)
IL-PPO2 fif FH & 5X 22 G i3k 47 4l By SR W 6 B2 1N %,
ﬁ(lO) E'jpa(at | St)gigy\jp(at \ St),ﬁ

1, a; = expert(s;);
play|s) = (11)
polas]st), ax = mo(sy).

JES)

Ei(P(a]s)) =E:(P(al]s)|a = expert(s))+
Ey(Py(als)|a=my(s)) =
P(rand < €) + Py (a|s)P(rand > ¢).

(12)
i (12) P45
Ei(P(a|s)) = Py(als) +e(1 = Py(als)) = Py(als).
(13)

XT T PPO2 S g, F B2 (A% O JEAR A 78 PRI 1)
1 —e,1+ ] Yol A, B A ms 53T 2 3 g X
(13) AT 43, 7E IL-PPO2 1, S I B 2 X 1) B8 357 T 441 22
KT55 T J5 45 PPO2 SR IS 558 20 K. Bl I m] 1, AH B
TR 46 PPO2 A 3, BT #& H 477 2% > B2 Re i B AR
HiHEAT S TR, 1 = U 2R AR
23 MLgRLEH

H AT, AR 22 SCHRHS AL 00 BRI N I 28 N,
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