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Multi-agent collaboration based on RGMAAC algorithm under partial
observability

WANG Zi-hao', ZHANG Yan-xin*t, HUANG Zhi-qing®, YIN Chen-kun'

(1. School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100091, China; 2. Department
of Information Science, Beijing University of Technology, Beijing 100124, China)

Abstract: Multi-agent deep reinforcement learning (MADRL) applies the ideas and algorithms of deep reinforcement
learning to the learning and control of multi-agent systems, which is an important method to develop multi-agent systems
with swarm agents. Existing MADRL studies mainly design algorithms based on the assumption that the environment is
completely observable or communication resources are not limited. However, partial observability is an objective problem
in the practical application of multi-agent systems. For example, the observation range of agentsis is usually limited, and
the complete environmental information is not included outside the observable range, which makes it difficult for multi-
agent collaboration. Aiming at the problem of partial observability in real scenes, based on the paradigm of centralized
training and distributed execution, this paper extends the deep reinforcement learning algorithm Actor-Critic to multi-
agent systems and adds communication channels and gating mechanisms between agents, finally proposes a recurrent
gated multi-agent Actor-Critic (RGMAAC) algorithm. Agents can communicate efficiently based on the historical action
observation sequence, and finally use the local observation, the historical observation sequence and observations shared
by other agents through communication channels to make behavior decisions. Meanwhile, based on the multi-agent
particle environment, the multi-agent task of synchronous and fast arrival is designed, and two reward value functions
and task scenarios are designed respectively. The experimental results show that the trained agent with the RGMAAC
algorithm performs well and is superior to the baseline algorithm in terms of stability when some observable problems
clearly appear in the task scenario.
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B G M AR e o ] AR T A PR 3815 R 14 R

}H Et T- MADDPG, £ Critic % 2% il X\ GRU #% 5t
Jo, B e AR T DABE T ¢ i 2 B o I B 5 2 JiT I
LI 3 F e A7 B iR SR sh AR VRAL, [RIB %) 28 36 it A7
fith PO AT VB2 S5, mT LS Bl Critic 9 26 58 4
i 2 I R T2 126 e 5 B AR 34T 1P 4. Recurrent-
Critic W& T AN () A

{Lwn=zﬁmQx@¢mha>—%VL
Yi =1 +YQi (01, Ge1s Iy 1 )lamwr (0,1 07, -
3

WESEE R Q, AN 1 1!, HARIRES
SRR Q) B ANIEIN T A, AR REARTE 23
) D3 s 22 56 % Actor 9 45 1) ¥k 5 5 4F 18 1l 3 SE P
. Actor 2% UGN 1 A Bl ag e ~ u(o;,) o2
HNaiy ~ u(oy, by ,), GRUFNZ L M ) B HE 55 fE
A B 0 B 0 4 A 3 T P sEOUE I S AR A1 A 24 BT R
HREMLI AT 2.

E Recurrent-Actor (X £ HH 5| NJEAE [ TS, 5
REARAM S H B B 1T — 20 PSR BNE, [F B AR R 77 58
ML B 751 ke A 75 5 F A R fe R b AT 5 AU,
R BEAR HIEAS R sk gf,

g9i = f7(hi), ©)
hi = GRU (e(of™") + ¢t miTY). (10)

Actor [ % th | TH5 BB £9 04 N 9 _E — I 21
GRU [#0 4% 113 IR 25 1012, 60 L 89 Bl 1 i 2 75 £
HOZDYE. —EBIZNME ! Fm 8 i P LR 125 ¢ 12 753
FE 5 H A B A, GRU BUHR A bt (9S85 1 253 56 1
T 3 5 T 4 D f of L LA R A A
L LA b I R A B SRR . I ¢
AR+ 1 93EA BT AL IR A P 6 .

t+1 Actor Actor Actor Actor
1 | | |
C(" C; c$+1 C,/

t Actor Actor Actor Actor

6 Recurrent Gated Actor R BI4EH

WG @I A6 B2 T 9% BB Recurrent Gated Actor
W TSR 2, 2 (6) SERTIn T

Vo, J(0;) = Ep[Vo,pi(aioi, by ) x

Va, Qi(0k, @, hi Mazp(ornr)]- (D

Actor [ 28 F) B N3N T A, GRU I 2% A1 22 5
M B0 B A AT BE A BE 08 2k T g S L B A A
T = (a2 0}, ... ai ", of) BEAT R, fa tH R B A 1Y
RIS E LA S 75 1 $00 A5 1 — 2w B0 M EE T
MADDPG, % BE {4 F] LA T I 2] (6 56 70 WL 4 & 5
BT HRLIN 51 B 13 AT DR SR ) B o) 22 36 Tt A i )
B HE B AT I RE S5, AT LAAS By Actor [ 2% 58 v Aff b =
U AZ AT e 3. RGMAAC S35 B an 5v%
1R,

B%X1 RGMAAC.

step 1: HIUE K Actor N5 (15, 2, . ...
W2 (Q1, Q2. .. QY).

step2: HI46 4L H A% Actor P28 75 < 7, H b5
Critic %% Q4 + Q.

step 3: ¥IUH1L 256 Al it RB.

step 4: for 1 to max-episodes do:

step5: WL EBIEEANE BEARBIHTAE LI 0 4.

step 6: for 1 to max-episode length do

step7:  WERREAN Y BE A4 Actor F1 Critic ¥ £ ) f&
WA R, by
FEAN B REAA 1) Actor P9 28 4 HSRAE — A

,m3Y)~ Critic

step 8:
HIfE: a; 4.

step9: Wtk Actor 2% FREIRZES AT,

step 10: i‘l‘ﬁ@fg = (ot,at,hf,t)#llﬁz%ﬁﬁmﬁ
Jai i) Critic P2 R B,

step 11: HUTEREZNMEa = (a4, ...
BE R 2 r IR BN — D IREDRA.
K (Otvataot-i-lvrtvhfvhf-i-lahg?hg-i-l)ﬁ

s an ), A

step 12:
NG5 [ .
step 13: foragenti = 1to N do:

step 14: K F B A LA B 77 2O RB A il
min-batch K/ HE.
step 15: FEFF(11) BT Actor P25,
step 16: FEF 3 (8) BB Critic X 4.
step 17: B E H AR 28 24
d_) «— (1 - T)QE + ¢a
0+ (1—7)0+0.
step 18: end for

step 19: end for
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step 20: end for
2.2 I GRUERMAFEL T L

AT ARGUAERB 4 AL AL B E (3 BT IR PR 1 T,
BH Wﬁﬂ:riﬁi*iﬂﬂf?ﬂy&”ﬂlﬂll IO RS
PERE I RZ M, B GRU I 28 75 B350 v o 1) SE R AR H,
ZIKI/\”UTActorﬂICrmc I 2 Lk 5] N GRU FEXF 42
B R AR T 22 Bk AT A L PR T B, J SRSk =
A5 oo LA 93 v 53 5 MADDPG 17 42 He
RGMAAC 1T HLEL.
2.2.1 R-Actor

Recurrent on Actor (R-Actor) WX & 4 4 4 & 7 fir

7, RTER BRI Actor 2% 5]\ GRU, 2258 51 750t
TEHE I — 2k B3N (01, ap, 7oy 0py1, WY RY, ). B o6

J& R 9% 55 351 Recurrent-Actor (%%, 4

v& (0 ) E(ot hY) ~D[v0 Mz(az t|01 ty ft)x

Va0, Qi(0k; @)l a=p(o, n7))- (12)
Critic [ 25T AT 58T
L(¢:) = Ep[(Qi(0k, )
Yi =1 + Qi (Or41, Ger ) la=w (o, 1 02, ) (13)
AH EE T3 (8) A (1), B BE A4 Critic W 45 F1 H #7 Critic
W& [N 238 T GRU BIBROIRAS, (A & Be 44 Actor
W 26 K1 H Fr Actor [ 24 BEE AR 4k 151 C F 38 20 WL 00
VA ERSSEIZ RIS
HHEA L o BREAN

Actor [/ 9@ Actor lﬂ ég
3
=
Il
%
Actor IW iﬁ Em
- & [ [e] -}i

7 REINERMLE
2.2.2 R-Critic
Recurrent on Critic(R-Critic) W £% £ #J 1 K] 8 fir
7N, RAEBYEH I Critic (W 28 IN A\ GRU, £ 56 W A7 il —
T BT PR

- Z/z‘)2],

+

P
a, &

&

SRR AL

/

A
oo
#

ﬁ

AN (Ot, Aty T't5 Ot41, h’gv hg+1)- W

B HT Actor (4%,
Vo, J (i) = Ep[V, pi( a; ¢|0i) X

V Q“(O a,hl t)|ajyt:Hj(0j,t)]' (14)

Recurrent-Critic ¥ 4% 3~ 247 58 5
{ (61) = Epl(Qu(@, d, he,) — )7
Yi = 15 + Qi (01, a1y B 1) o= (0r11)-
(15)
B AR BT 20 (8) AT (11), 54 BB 4k Actor M 45 1 H b5 Actor
WA 2% 1% N L4 T GRU [ BUIR S, AUA 8 BE 44 Critic

W4 2% A1 H Ax Critic M 25 BE 9% AR 48 B T &8 70 WL A
P LA B RS B XS REAT DA,
i N

BREARL
Actor WJ%

§ irlh

8 TEIMTIRRMLE
3 SR
31 FEKGE
BAF 455 ubuntu16.04+Tensorflow+gym, fif 144
JiffiiA GeForce GTX 2080+64G M 17, 5 T 2 & e f4
$iF- P4 4% (multi-agent particle envs, MPE) % 11 % & ¢
s [E] 20 AR 205k B A5 5 B 4E 55 3% 5. MPE £ Open

AT BB TEHFF IR, J2& 2 55 Be A4 IR B 5 Ak 257 2] Ak
e B ISR 8 2 —. A SCRI T 1) APL %
TSI B0 1R AT 55 1 S5 AT BV BRI, 76 J5 488 5K
W s A RN A T B REARAT 55 DL AL il R £
WIS, 75 2R R 2, 2 T MPE & 1T 2
B RER IR BT 35 — AN BAT i 2R B 23 R) R 1R 1)
() 4P Tt 5, IR AN 75 BER A 4l R AE R R AR )
IE B, PREE B3 PR 1) 2 8 R AR A R 12F
AT AABR LA SRS SR I SRR, DRI 8 0 22 I 28 A5 rp A
B INAE R PP 22 k4 th BURRFAE, AT DL SRR
WAL B i T % S B Z H ek R 4.
TE2.1 TR0 2.2 542 H AR v Actor ATl Critic X
25 35t 64 A 22 T 1) = IR MR 2 I 24 2H B, i\ GRU
IR Fh 58 1 2R G 12 B 2R B relu 19 42
R, LR, B Y SN 0.01, 5 I
TN 0.95, 56 K /N A 100 000. BE A [B] 4 3 100 4
1) 25, B R I 2535 30 000 1] B, 45 U0 M 22 56 il 41k Y
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256 LUK/ KOS, BT 552 R PR 5 A TR )
FO BB LB 5 92505 SR T

R URBE 2 1, SR 5] (S8 el Y Rt 15
PR A T2, DR A A b A 1)
1 254 70 6 L B 2 €8 K
IR, B T R 26 60l 2 B0 0 S AR 2) LAt
R ML (08 R P S 0 2877 22, 77 2
ANV Rl 1 LR 5, B R AR 3)
15575 M, He e 0 R S EL P B, A 55 0 56 1B
R B P T 92 B B, SV 0 P AT 7
B S o, LB 4R BT 55 RGMAAC 76 545 o WL
WA T B
32 SELERSAREEARRAES

4 A 2 AN B R 1A A, M0
th e 1 — A B E B R K 3 ARG S € A, 2
AN Bl M ) 2 5 P R 20, 5 4 R A 0
PR LR 5 00 B B BB (b, 24 0 B P FO 4T
55 R IF 2 EL R M i BB 6 LA 4, 7 R B R
S AT L, 78 5 1 A RS B3 72
rh BT H 1 TR S A S A . A R f
AT LASRAE A7 R B o T AT, (612 1 A T
51 B 0 BRI 2 3 A R 53 — A R
B B 5 . UL 1 T B kb

RO R
|t

~
~
~
~

WA
B E .

B9 KRS BREREBFESREE

A B R 2 RE WM Onn B (Self,,
Self,, Goal,, Goal,, Other,, Other,, Obs,, Obs,) 41
Jik, Self 4 & fE 14 B 5 iz B A4 F5, Goal Jy H 5 5 A4
¥, Other 2y HAth % 5 44 A7 B A2 b, Obs 2y [ 55 4 fir
B AR, SR, 76 3 S 37 55 b B BE AR O A BEAE AT AT
IS 20) 0 0L 00 28] JHG A i A R A 1 o B AR AR, R G AE
Bt FE BRI, TF 25 1 2 R BEAR R GAFAE
73 WYL ) R 25 R R AR TR I8 A B U7k, B Re AR
A3 R AWM Opartiar HH (Selfy, Self,, Goal,,, Goal,,
msg,, msg, , Obs,, Obs, ) 4 i, msg 75 — 4> fe i
e 366 B AL B AR BRI B, R S — SR ek g @ (R
I, oAt & e AR A REIR B HAL B R B BB 15 7

Ui Kty B A SEBR Y s 2 A BRI, DRIt f 82 S5 vh A
A NZRIETE A 100 4N TA] 25, e 20 /4N 8] 25 8 g 44
F LR B 57 B s BRI S 7 — AR etk
B REAR BN E R o A SR RUBAS S, SR 8517 3h
FE X PRI B0 25 AN B AR SRS K0 2 5l 7 A LR R
AT 30, BAS B EA SR IR BT 8 4 (B T Ik it
F VS S B LA R A R ). R AT BRUE AR B U PR A
R B T B il R RS — AR A B A R
B AR TR TR) 25 DA Bk B E I — i I D i @ 15
401 5 V) A 520 B A5 0 T

WHEAT: 25 37 S AR A8 A [ 22 5l bR 500G R WT UE K
A AR5, 5 U B85 B A2 1 22 il o 504 ), 6
S 4} a7/ I
Ry == d(Self;, Goal) + C + D—

> |d(Self;, Goal) — d(Other;, Goal).

pairs(z,5)
(16)
Hrp
o —1, B AR EI L
0, & REMAIA] R AL
D =

—2, FHEIR S ARl
0, B REMRAR SRS YneE.
Ry 5 10N Raseance, /& BN B AR5 H AR sl BEBS 1
ZUMA ) K 55 2 0 O AR R AR 76 78 3 i 72 i
Tlf 42 22 il 265 3 T D SN 8 Be AR AE 7% i 78 b 5 B s 4
(Rl Fa 2 5, DM AE IR S R B R, — B S BRASYIR R
A3, R REAA B A 2 PR AR 22 0, IR it 24 5 G K
PE R P SR R 1. 58 4 TR R B AR S AR R S
ZEAE SN 57 8, 2B B BOX A TE 1) B 2
g1 SR AR R A S i PJUE Bk H bR RIS AR
TS 5 WA RE R R R 25 B0k, B B B bR s
(I B AR 7 LA E b a5 BT S5 A 5 AN A, DRt
B R R 2 AR AR e A B AR B (A FE
FE— 815 F A AN I 18] A R EAH S, DRLH R A A 75 22
R BRI DA 5 VR e RE A A5

Y AE S Ao FEAS [ 5 Jah 1 bR AT X T
REARAT [0 52 W FH 325 () S B 80O, vt 22 i A
Ry FA0S RS2 86, B 25 530 (16) 26 4 300, B RE A4 X 7 22
B 1 AR PRI 38 B A H A £, BV R AR AR ARAE B
CL IR R S M I P 0k H B s, A TR 22 548 Al
CIAZNINEDAER RS

Ry =— d(Self;,Goal) + C +D.  (17)
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