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1. Independent Control and Path Planning of
artificial bacterial flagella
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Different geometries allow independent control

The geometry governs the response to

the rotation frequency of the magnetic
fleld




Swimming different distances along a direction

Constraint: All swimmers are subjected to the same magnetic field

Alternate the magnetic field rotation frequency:
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[signed) distance made by swimmeri: d; = Z Uljthj = Uijij
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where S; = — I (clockwise) or S; =+ 1 (anti-clockwise)
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Gathering swimmers to a target

In 3 dimensions: 3 steps to e
reach the target "

A1
1. Gather on a plane Kk e
2. Gatheronaline . T
3. Gather at the target k, @
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Independent control in free space
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Reinforcement Learning

Action
PO[I Cy Magnetic field frequency of rotation w

Magnetic field orientation

Reward

State
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Terminal reward has bonus Kf Initial conditions

if || X(T) — Xl.G <L

max

Environment

e positions X — X
 orientations g

| 2




Independent control In free space: RL

Analytic
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t nrol with a backround flow
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1. Independent Control and Path Planning of
artificial bacterial tlagella

2. Artificial bacterial flagella swimming In
blood
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Shear Energy
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with respect to
stress-free shape:




4 )
Newton motion A Bounce Back on the membrane
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ABFs swim faster at higher hematocrit




a circulating -

Controlled to stay near the center of the pipe




e Reinforcement learning I1s a good tool
for independent control of multiple
swimmers under a uniform magnetic

fleld

e Artificial bacterial flagella can navigate
In blood efficiently 1f the magnetic
torgue I1s high enough

e Opens the road to optimize the design of
single and swarms of swimmers




