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Bio-mimetic Control of Mobile Robots
Based on a Model of Bacterial Chemotaxis
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** Graduate School of Engineering, Hiroshima University,
1-4-1 Kagamiyama, Higashi-Hiroshima-shi, Hiroshima, 739-8527 Japan

This paper proposes a new control method of mobile robots based on a model of bacterial
chemotaxis including not only intracellular information processing but also motor control on the
basis of the molecular evidence. E. coff is chosen as a target bacterium, which has a simple molecular
structure and is amenable to biochemical and genetic analysis. First, a computer model of the
chmotaxis is developed to simulate its emergence. Parameters included in the model are regulated
using the genetic algorithm in such a way that a fitness representing the chemotactic ability is
maximized. Then, using a mobile robot incorporated this chemotactic model, experiments of
trajectory generation are preformed, and it is confirmed that the mobile robot can be controlled based
on the bacterial model. ‘
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- (V120a1r+v12!crpl)cl (1)
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Fig. 1 Schematic illustration of chemotactic signal

transduction in E.coli

Ca2 = v23C21 + v43C42Carr — v34C22 ~ v23C22 (4)
Ca23 = v33C22+ v43C43Caer —v34C23— v23C23 (5)
C3 =v23C23— v34C3 + v43C4Catr (6)
C4=v34C03~ v4304Catr —v41Cs ]
C41 =v34C21— v43C41 Catr —~v41Ca1 + v41Cq2 (8)
C42 =v34C22~ v43C42Catr — v41Caz + v41Ca3 9
Ca3 =v34C23 — v43C43Cair —v41Ca3+ v41Cy (10)
Cyr =191 C1Crpt = vgr1 Ot — v 3 Cor (11)

Ca1s = vp3 Cor + 0413 411 Crpt ~ v314r Copr ~ v 3 Copr (12)
Cagr =v9131Cayr + var3 Cagr Crpt ~ varar Car — v2r31 C22/(13)
Cagr = w131 Cagr + 04130 Cazr Crpi ~ w314 Cozr ~vr 31 O231(14)
Car =vy131Cogr —vgrpr Cgr + var3: C4r Crpi (15)
Cyr =v314/C3r ~var3 Cyr Crpt = vg11 Oy (18)
Ca1r =v3141 C21r ~var31 Ca1r Crpt = v411Ca1r + w41 Capr (17)
Cagr = v314 Cozr w4131 Car Crpn ~ va11Canr +v41Caz (18)
Cy3r =341 Co3r ~ vy 31 Cagr Cropt — w1 Cyyr + w410y (19)
FFEL, Cr > 0 IHREE [i] DBEE, Copr > 0 W33
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Cap =vapCa= (vypCy + v55Cs)Cap (20)

Cyp = vypCyCap = vy2CypC: ~ vy Cyp (21)
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Cop = 1pC3Cup = 15Chyp (22)
Co = 0ypCyCap + v5pCCap =~ v2pCa (23)
Cy = vy Cypls + vy Cyp ™ vypCyCap (24)
C"‘;, = vpCpp ™ t5pCCap {28)
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(b} Repellent
Fig. 2 Time evolutions of maximum fitness of the

virtual bacteria depending on the initial values of
kinematic parameters
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Fig. 3 Trajectories of the virtual bacteria for attrac-
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Fig. 4 Trajectories of the virtual bacteria for repel-
lent
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Fig. 5 Concentration-response curve of E.coli,

EJ500, and the proposed model
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Fig. 8 Model of the mobile robot with two wheels
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Fig. 9 Time evolutions of maximum fitness of the

mobile robot
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Fig. 10 Trajectories of the mobile robots for attrac-
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Fig. 11 Trajectories of the mobile robots for repel-
lent
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