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Emergence of Communication that Represents Time Change of Sensor Signals

by Reinforcement Learning Using a RNN
*Qi Zhu and Katsunari Shibata, Oita University

Abstract— In order that robots acquire “real coummunication” by solving the “Symbol Grounding Prob-
lem” | not only exchange of words, but also other functions such as recognition should be learned togeteher,
the authors think. Previous researches have shown that coummunication was acquired autonomously and
comprehensively through reinforcement learning with a neural network. In this paper, the possibility of
communication representing time change of sensor signals by reinforcement learning using a recurrent neural
network(RNN) was examined. In the employed task, a sender agent needs to control its visual field, recognize
the object movement from the time change of a vision-like simple sensor signals, and then send signals to a
receiver. The receiver needs to identify the coummunication signals and make the judgment at an approriate
timing. As the results, firstly, it was shown that communication representing the time change of the sensor
signals emerges, while a preliminary learning for sender is required before the learning. Secondly, to make
communication learning successfully, it was suggested that learning parameters such as learning rate and
initial weight range should be set individually between sender and receiver.

Key Words: Reinforcement Learing, Recurrent Neural Network(RNN), Symbol Grounding problem, Robot
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Fig. 1: Communication Task
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Table 1: Parameter setting

Number of neurons in each layer

Sender: 14(input)-30-20-10-9(output)

Receiver: 4(input)-30-20-10-5(output)

Sender 5
Receiver 1

Traced back time
for BPTT

Inital connection weights in sender
In;’)ut‘-Hlddenl 0.1~0.1
(in Preliminary learning)
Hiddenl1-Hidden2, Hidden2-Hidden3
(in Preliminary learning)
Hidden3-Output -4~4
Inital connection weights in receiver

-0.2~0.2,-0.5~0.5

Input-Hidden1 -0.1~0.1
Hidden1-Hidden2, Hidden2-Hidden3 | -0.2~0.2,-0.5~0.5
Hidden3-Output -2~02
Self-feedback, Other-feedback 4,0.5
Learning rate
For feedback connections 0.0125
For other connections Sender 0.01
Receiver 0.3
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Fig. 2: Preliminary learning in the sender
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Fig. 3: Q-value changes in the sender
(1st step, preliminary learning)
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Fig. 4: Q-value changes in the sender
(2nd step, preliminary learning)
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Fig. 5: A hidden neuron which learned to responds to
the left movement of the object
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Fig. 6: Q-value changes in the receiver
(1st step, communication learning)
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Fig. 7: Q-value changes in the receiver
(2nd step, communication learning)
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Table 2: Success rate for temperature of action selec-
tion during learning

Temperature | greedy | 0.01 | 0.05 | 0.1
Success rate | 0.26 0.51 | 0.80 | 0.07

Table 3: Success rate for the combination of sender’s
and receiver’s learning rate

sender

rate 01100501 (02 |05

0.1 | 0.61 | 0.66 | 0.54 | 0.40 | 0.07
02 | 074 ] 0.77 | 0.70 | 0.48 | 0.10
0.3 | 0.80 | 0.66 | 0.63 | 0.35 | 0.07
0.5 | 0.61 | 0.60 | 0.46 | 0.24 | 0.00

learning

receiver

Table 4: Success rate for the combination of sender’s
and receiver’s initial weight

sender
-2~2 | -3~3 | -4~4 | -b~5 | -6~6
-1~1 1043 | 0.72 | 0.75 | 0.78 | 0.72
-2~2 |1 047 | 0.71 | 0.80 | 0.88 | 0.85
-3~3 | 039 | 0.64 | 0.68 | 0.68 | 0.70
-4~4 | 0.27 | 0.53 | 0.60 | 0.57 | 0.65
-5~5 | 0.17 | 0.42 | 0.56 | 0.51 | 0.55

Initial
weight

receiver
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