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Autonomous learning of sound communication
by reinforcement learning with a neural network

Kazuki Sasahara, Katsunari Shibata Oita University

Abstract. In order to develop a robot that can communicate with a human naturally, autonomous learning of
communications must be required. Based on the idea, the authors have examined whether communications emerge
through reinforcement learning with a neural network in a task. A transmitter and a receiver of communication
signals are put in a two dimensional space. The transmitter can perceive the position of the receiver, and can send
some communication signals to the receiver. The receiver can move and receive the communication signals that
are sent by the transmitter, but cannot know the relative position of the transmitter. The transmitter does not know
what signal should be sent, and the receiver does not know what action should do according to the received signals.
What we give them is only a reward. In this paper, in a discrete space task with more states than previous, it was
examined that they could learn to communicate appropriately using a real sound communication system with a
speaker and microphone. In a continuous space task, it was examined after learning that the receiver’s location on
two-dimensional space could be transmitted using two continuous communication signals.
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Fig. 1: System architecture and signal flow of the communi-
cation learning system used in this paper
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Fig. 2: Discrete space task
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Fig. 3: An example of spectrum distribution of the sound
received by the microphon when the 1250Hz sound is trans-
mitted from the speaker
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Fig. 4: Learning curve in the discrete space task with real
sounds. The vertical axis indicates the number of average
steps.
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(a)Communication signal (b)Receiver’s motion

Fig. 5: (a) The communication signals generated by the
transmitter and (b)the receiver’s action generated from the
communication signals in the discrete space task

Table 1: Q-value for each frequency-action pair in the re-
ceiver after learning

0 0 O O

930Hz | 0.66 | 0.63 | 0.59 | 0.74
1090Hz | 0.65 | 0.61 | 0.69 | 0.63
1250Hz | 0.65 | 0.80 | 0.57 | 0.65
1410Hz | 0.79 | 0.64 | 0.62 | 0.67
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Fig. 6: Continuous space task

0doo0ooouooooooooooooogooo
0000000000 oooooooono (050500
002500000000000000 x,yooooog
goooed0D000O0DOODOODOODOOD 1000
0odooopoooooDoooooooonooog r=09
0o0d000o00oO0oooooooooooooog
0o0d0oooooooooooooooooooooo
0o0o0ooooooooopDoooooo r=-0.100
000O000oDO00o0O0o0ooDO00DO0oOOoOoOoooog
0o0D000do0o0o00oooooooooDOooooon
0odo00oooDOodoo0oooDoooooooooo
0o0dooooDOoooooooooooooooon
000 60-20-30000000 2-1020000000 00
000000000000 Actor-CriticO0 OO OO

00000000 ooDOoDO xOOoooyOooooo
OO0 Eq4) 0O Eq(5) 00000000 3000 gaussian



goobooooeotonoOoonoooOobooonooon
oooOooboooboooooboooooooooon
oooooooobooobobooobooboooooboon
obooooobooooooooboooobooogon
goboooooboooon

GSi(x) = exp (—%(29x - i)z) )

1
GS(y) = exp (—§<29y - i)z) ®)

Ob00O0Ox,yooooooooOO (x,yOoooooo
010000000/0 gaussianO000O0 i=0,1,2...29
obooOoooooOoboobooboooboooooon 30
000100 criticO0D000 200 actorO0O000O0OD0O0O
goooooooooooobogoboobobooo -o0.50
os50000O0bOOOobOOoOoOooboooOobOO T™OOOO

Fr=r+yP— Py (6)

Ooo0oooooob0 nO000PO CriicODOOODOOO
oooooooooboooooogoosgobooooooo
oob0oO0y0OOOOODOOCutic00OO0ODOO0OOO
goooo

Py 1=P_1+i=r+vyP, @)

gooooBppO0oobooboOobOobOoobOoooon
MO

Mt = a25A, + rndt (8)

000000000 0ADO ActorO0O0OO0OO0OO0O0OOOO0O
ooO0ooOoooobo200000000mMd00O0D00O
gobobooboooooo-oonoo0nonoonoOd
obooobooooooobobebDbOOOOOOOn
UM, O0000-10010000000 «=250000
U l1ggooboooboobooboodno e=1000000
gbooooooobooboobooboboooooogd
gboooboobboobooobboooboboboooo
O000oooooo200 ActorOOODODOOODOO
Actor OO OOOOODOOOOOOO

Ax,t—l = At—l + O.S;’trndt_l (9)

ooboboooooooobooboboboooboonD 040
goo-040000O

32 00OOOOoOoooog

Fig.7 00 0400000 000000000000 100
0000 x00002000000 yOOOOOOOO
00000000 (@000bI00G@OO0O0O0O0O0O0
00000000000000000000000000
(00000001000G0O00000O00D0000

1.1 1.1
7 ] Y177
AV eI ol NN
[ ST MsSN U S
0.7 /I/[/,//"“i\\; L S R B A A e e
R i i NS
A R R S B B o s s e
A o Lo b o et el e T
0.3 \\‘\\_‘///'\ 0.3 b R S
[ ) L RN
e
Qi\u///// ///'/‘r\\\\\\
nﬂi 8.1 8.3 BX_5 0.7 8.9 1.1 -E.lﬂl a.1 8.3 8.5 8.7 8.9 1.1

(a)Communication signal (b)Receiver’s motion

Fig. 7: (a)The communication signals generated by the trans-
mitter and (b)the receiver’s motion command generated from
the communication signals in the continuous space task
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