otobodoodogo
Jododouououooon

o R I O R I O i

0 0 DD D***

I R I O R O I

Simultaneous Design Method of the Sensory Morphology and Controller
of Mobile Robots

Komei Sugiura***, Member, Hiroshi Kawakami***, Member, Osamu Katai***, Member

This paper proposes a method that automatically designs the sensory morphology of a mobile robot. The

proposed method employs two types of adaptations —ontogenetic and phylogenetic— to optimize the sensory

morphology of the robot. In ontogenetic adaptation, reinforcement learning searches for the optimal policy

which is highly dependent on the sensory morphology. In phylogenetic adaptation, a genetic algorithm is

used to select morphologies with which the robot can learn tasks faster. Our proposed method is applied

to the design of the sensory morphology of a line-following robot. We carried out simulation experiments

to compare the design solution with a hand-coded robot. The results of the experiments revealed that our

robot outperforms a hand-coded robot in terms of the line-following accuracy and learning speed, although

our robot has fewer sensors than the hand-coded one. We also manufactured a physical robot using the

design solution. The experimental results revealed that this physical robot uses its morphology effectively

and outperforms the hand-coded robot.
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(a) Initialize population

(b) Generation Loop

(c) Ontogenetic adaptation

(d) Initialize Q-values

(e) Episode Loop
(f)
() Action Loop

Initialize state

(n) Select action

(I) Observe next state and reward

() Update state and Q-values

(k) Evaluate all individuals

() Genetic operation

Fig.2. Schematic diagram of proposed
method
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Fig.3. Task Environment
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Fig.4. Line-following robot (Simulation)
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Table 1. Parameter settings

‘ Parameters ‘ Value ‘
Number of action steps T’ 2000
Number of episodes N, 100
Ontogenetic adaptation Learning rate « 0.8
Discount rate v 0.999
€ 0.01
Gene length 32

Max. number of generation N, 50

Phylogenetic adaptation Population size P 50
Cross-over rate p. 1.0
Mutation rate p,, 0.03

0.5 T T T T 10

fitness
number

L best

average —
number of sensors

0 10 20 30 40 50
generation

Fig.5. Variation of fitness and the number of
sensors

ocoboobobhOoooooooooooboobobooooooo
ooN. 00000000000 (N.=4000)0T000O
boooooboboooooooooooobooooooooo
o0oo0o j0000000000000¢,;=T0000
¢o; 0000000000000 0D0ODO0O0ODOOOOOO
ooooogd
0440 O O
04314710 0000000 (A) oobOooooooo
000000000000 00000000 ODOOFIg. 5
000000000 ¢0000OO0ODOOOOOOOOOO
oooobooooooooooboooooobooboooobooooo
000000000 ¢000D0OD0OODOD oOODODODO
oooooooooooooboooooooboooooooo
Ooooo0o0ogdog ooooooOoOooOooooooo
O100oooooooooboooooooooDo
gooooooooooboooooooooooooo
000000000 Fig.60000Fig.600000000
0000000 ¢0000 0300000000000
040506 00000000000000
0414120 000000 O0O0O0OO0OOOOOO (B) O
0A000D00D0O0ODOO0ODOODOOO0ODODOODOODOOO
coooboooooocoobooooooooobooooo
0000000000 Fig.70000Fig.7000000O
0000000000 0o0oD0Oo M)oooooooo

000 CO1280 70020080

Fig.6. Examples of automatically designed

sensory morphology: four sensors (left), five

sensors (middle), six sensors (right). Black
dots represent sensors.

Hyn

Fig.7. Sensory morphology of robots: M1
(left), M2 (middle), M3 (right)

0.6 y T
M1 (8 sensors) ———
| M2 (5 sensors) |
0.5 M3 (5 sensors)
047

903t
0.2t

0.1

0 20 40 60 80 100
episode

Fig.8. Variation of fitness ¢;

000000000 (M3)00D0000 20000000
00000000000000000 M2(Fig.700) 0
000000000000000
Fig. 8000000 (00)00000000 ¢(00)0
0000000000000000000000000 MI1O
M20M30000000
Fig.8 00000000000 M30000D0000D0
00000000000000000000000000
00000000000000000000000000
0000D000Fig 800000000000
0450 0 0O 000000000000000
000000000000000000000000000
041510 00000  Fig.600000000000
0000000000000000000
e00D0O0DOODOO
00000000000000000000000
0000SO00000000000000000000
000000000000000000000000



gobooooo
elO000DDOOODOOO
oooooooooooooooooooooon
goboooooooooooobooooooogn
gooooobooooooooooooboooooo
goboooooooooocoobooboooooooo
gobooooooobooooboooobooooooo
goboooobooooooboocoooobocooobooooo
gooocoooooooon
0415720 00O0OO Fig.5000000000000O0O
O00000o00o0O0o0oo0ooooO0 gooOOODO
oooooooobooooooooboboooooobooo
oobos00000obD00oobooooooooooooon
ooooodooooooooooooooooooooon
000000000000 00DO0O00OO0OoOODOoO (8O)
coooooobooooboooobooOoooao
oobooooobooooooooooboOoooooon
coobooooooocoooooooobooOooooooo
cooobooooooocoooboooooobooobooooo
oo00000m4a4a2mMmoooooooooonooon
ooooooMlOOoOOOoOoOooOooOoo M3oOoOOO
coooboooooocoobooooooooboooo
coobooooooooboooooooooobobooboooon
ooobooooboocoobooono

5, DO00ODOODOODOO

ooooooobooooooboooboboooooooon
coooboooooobooooobooooooooooboooo
oooo0oO0oO0oOoOoOoOooD gooooooboooo
ooooboooooooooooooooboooobooooo
ooooooooboooooooobboooooooo
oooooooooboooooooobboooooooo
cooooooboooooooooooobooooooa
coooooooooobooooooooooooogo
coooooobooooboooooooonod

05110 O O 00oooOo3ooooooo Mico
M20OM3 (Fig. 700)0000000O0OOOOOOODO
ooo0oooooooOolooooooo0oo0o0ooooooo
gooooooOoOoOoOOOO0OO0OO0OO0OO0O0O0000 500
cooooo

0000000000000 00O0O000 Table2O0O
goooMiCOOOOOoOOoOoOoOoOOOOOODOO
goooooooooooMiICOoODoOOOOOOOOO
ooooooooooooooooooooogooood
MiCOOOODOODO Fig. 70 M1IO0OOOOOOOO
O0o0000o00oO0oooO0ooooooooo Mi1CO
cooooooooooooon
M20000O00O0O0OMICOOOOOOOOOOOOO
0000OM200000000040000 (B)oooO
O00o0o0ooooooM200000000000 @

Table 2. Comparison of manufactured robots

Controller ‘

Hand-coded

Learned in simulation

‘ ‘ Sensory morphology ‘
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